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was  the  NASA  Program  Monitor. 
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SECTION  I 
INTRODUCTION 


Modern  transport  aircraft  generally  require  the  use  of  high** 
aspect-ratio  wings  and,  as  a  result,  can  experience  significant  aeroelastlc 
effects  during  flight.  These  effects  range  in  severity  from  induced 
aeroelastic  twists  that  modify  rigid  aircraft  airload  distributions  to 
flutter  phenomena  which  may  cause  the  castastropic  destruction  of  aircraft 
controls  and  lifting  surfaces.  Thus,  the  accurate  prediction  of  potential 
aeroelastlc  problems,  especially  flutter  Instabilities,  is  an  important 
factor  in  the  production  of  safe,  efficient  flight  vehicles. 

The  availability  of  accurate  computational  aerodynamics  methods  is 
critical  to  the  successful  development  of  reliable  aeroelastic  prediction 
techniques.  In  the  past  decade,  the  production  of  larger,  high-speed 
computers  and  advances  in  computational  fluid  dynamics  have  led  to  the 
development  of  improved  numerical  aerodynamic  analysis  procedures.  One  of 
the  major  objectives  of  these  research  efforts  has  been  the  development  of 
analysis  methods  for  unsteady  transonic  flows.  This  emphasis  is  due,  in 
part,  to  the  potential  performance  improvements  which  can  be  obtained  with 
transonic  cruise  aircraft. 

New  computational  methods  have  recently  been  developed  for  calculating 
both  two-  and  three-dimensional  unsteady  transonic  flows.  In  two 
dimensions,  these  new  codes  include  moderate-  frequency  extensions  of 
LTRAN2  (Reference  1),  full-potential  equation  solvers  (References  2-6),  and 
linear  methods  with  shock-wave  motion  approximations  (References  7,  8). 
For  three-dimensional  flow  solutions,  time-accurate  computer  programs  are 
currently  in  the  developmental  stage  at  Boeing  (Reference  9),  the 
Lockheed-Georgia  Company  (Reference  10),  NASA-Ames  (Reference  11),  and  the 
NAL  (Reference  12). 

Because  of  these  research  programs,  new  codes  are  reaching  a  level  of 
development  which  warrants  correlation  with  test  data.  A  systematic 
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correlation  effort  will  help  to  establish  code  accuracies,  efficiencies, 
and  ranges  of  applicability.  In  addition,  such  correlations  are  necessary 
to  provide  the  insight  required  for  further  code  refinements. 

Unfortunately,  unsteady  experimental  data  suitable  for  code  corre- 
latlon  efforts  are  scarce,  and  are  virtually  non-existent  for  advanced- 
technology  wings  at  transonic  speeds.  Although  experiments  (Reference  13) 
have  been  conducted  at  NASA-Langley  for  a  supercritical  transport  wing  with 
oscillating  control  surfaces,  further  experimental  research  is  needed  to 
investigate  additional  unsteady  motions,  such  as  wing  pitching  and  bending 
oscillations. 

To  meet  this  need,  a  cooperative  program  was  initiated  in  1979  to 
produce  unique  unsteady  transonic  aerodynamic  data  on  an  aft-loaded  3-D 
transport  aircraft  type  wing.  This  program  resulted  from  common  interest 
at  Lockheed-Georgia ,  AFWAL,  NASA-Langley  and  the  NLR  in  the  acquisition  of 
high-quality  test  data  to  validate  new  computational  methods  and  to  provide 
insight  into  3-D  unsteady  transonic  flow  phenomena.  This  cooperative 
effort  has  become  known  as  the  LANN  program. 

The  major  objectives  of  the  LANN  test  program  were  to: 

(1)  Fabricate  a  model  representative  of  a  modern  technology  transport 
wing  and  suitable  for  unsteady  testing  in  both  the  HST  tunnel  at 
the  NLR  Amsterdam  and  in  the  NTF  facility  at  NASA-Langley. 

(2)  Acquire  a  set  of  high-quality,  correlation-tailored,  transonic 
test  data  for  steady  and  unsteady  flow  conditions  in  the  HST 
tunnel . 

(3)  Utilize  selected  portions  of  these  data  to  correlate  theoretical 
results  from  several  3-D  transonic-flow  computer  programs. 

Under  the  LANN  program  agreement,  AFWAL  monitored  and  controled  the 


program,  and,  together  with  NASA-Langley,  provided  partial  funding  to  NLR 
and  Lockheed.  Lockheed  received  contract  support  for  program  coordination, 
data  correlation,  and  preparation  of  the  final  program  report.  The  design, 
fabrication,  and  static  measurements  of  the  model  were  funded  tinder 
Lockheed-Georgia' s  Independent  Research  and  Development  program.  The 
National  Aerospace  Laboratory  designed  and  fabricated  the  wing  mount, 
performed  the  wind  tunnel  tests,  and  prepared  the  final  test  data  report. 
Finally,  NASA-Langley  provided  computer  time  and  made  available  to  Lockheed 
an  improved  version  of  the  Boeing  Company's  XTRAN3S  code  during  the  data 
correlation  phase  of  the  LANN  program. 

This  report  describes  the  work  performed  under  the  LANN  program  from 
May  1980  February  1983.  The  first  section  describes  the  model  design 
objectives,  geometric  details,  instrumentation,  and  structural  properties. 
The  next  two  sections  discuss  the  test  facility,  data  acquisition  and 
reduction  methods,  and  the  tunnel  test  program.  Finally,  correlations  of 
selected  test  results  with  numerical  computations  obtained  from  several  ad¬ 
vanced,  transonic-flow  computer  programs  are  presented  to  assess  the 
accuracy  and  efficiency  of  the  evaluated  codes. 


SECTION  II 

LANN  MODEL  DESCRIPTION 


The  wing  geometry  chosen  for  the  LANN  program  was  a  large  scale 
version  of  a  wing  previously  designed  and  tested  by  the  Lockheed-Georgia 
Company  under  funding  from  the  AFOSR  (Reference  14).  This  wing  geometry, 
designated  Wing  A  In  Reference  14,  was  picked  for  the  LANN  unsteady  tests 
for  several  reasons.  First,  Wing  A  was  representative  of  a 
modern-technology  transport  wing  (i.e.  high  aspect  ratio,  moderate  wing 
sweep  and  twist,  supercritical  airfoil  sections).  Second,  an  extensive, 
steady  transonic-flow  data  base  for  this  geometry  was  available  to  guide 
planning  of  the  unsteady  test  program.  Finally,  the  simple  planform  used 
in  the  Wing  A  design  would  facilitate  fabrication  of  the  model  and 
eliminate  the  question  of  geometric  complexity  when  evaluating  numerical 
results  obtained  from  new  transonic  flow  computer  codes. 

1.  MODEL  DESIGN 

The  LANN  wing  model  was  designed  to  satisfy  several  different  test 
program  objectives.  Consideration  of  these  objectives  determined  the 
structural  materials,  fabrication  techniques,  and  types  of  Instrumentation 
used  in  the  final  model  design. 

A  major  objective  of  the  LANN  program  was  to  produce  a  wing  model 
suitable  for  testing  both  in  the  High  Speed  Wind  Tunnel  (HST)  at  NLR  and  in 
the  cryogenic  National  Transonic  Facility  (NTF)  at  NASA-Langley.  This  last 
requirement  demands  that  the  model  be  strong  and  stiff  enough  for  unsteady 
tests  at  cryogenic  temperatures.  To  be  acceptable  for  NTF  testing,  NASA 
has  specified  certain  minimum  requirements  for  fract  ure  toughness  at  cryo¬ 
genic  temperatures  which  cannot  be  met  with  steels  ordinarily  used  for  wind 
tunnel  testing.  Therefore,  in  order  to  meet  NASA  standards,  the  LANN  model 
was  fabricated  from  Nitronic  40  Stainless  Steel.  This  material  was  chosen 
for  the  following  reasons: 


(1)  acceptable  strength  at  room  temperatures 

(2)  good  strength  at  cryogenic  temperatures 

(3)  good  toughness  at  cryogenic  temperatures 

(4)  easier  to  machine  than  other  materials  considered 

(5)  better  corrosion  resistance  than  other  materials  considered 

Also,  since  the  NTF  tunnel  entry  date  is  expected  to  occur  after  1984, 
the  possibility  for  retrofit  of  model  instrumentation  was  an  Important 
design  constraint.  Therefore,  to  permit  access  to  the  wing 

instrumentation,  the  model  was  constructed  with  a  lower  cover  plate 
attached  to  the  upper  half  of  the  wing  by  taper  pins  and  screws. 

Finally,  the  possibility  of  future  research  applications  for  the  LANN 
wing  was  considered  in  the  design  of  the  model.  To  satisfy  this  objective, 
the  LANN  model  design  incorporates  provisions  for  active 
aileron, wing/ pylon/ nacelle,  and  wlng/winglet  configurations.  These 
provisions  include: 

(1)  a  detachable  aileron  with  space  inside  the  model  for  an  aileron 
oscillator  and  provision  for  static  aileron  deflection  testing. 

(2)  hard  points  for  future  addition  of  a  pylon  and  nacelle. 

(3)  hard  points  for  future  addition  of  wing  tip  devices  (wlnglets, 
rails,  etc.). 


2.  MODEL  GEOMETRY 

The  LANN  model  planform  is  shown  in  Figure  1.  The  wing  has  straight 
leading  and  trailing  edges.  The  planform  aspect  ratio,  leading  edge  sweep, 
and  wing  taper  ratio  are  typical  of  modern  transport  wing  designs. 
Geometric  parameters  for  the  model  are  listed  in  Table  1. 


The  location  and  dimensions  of  the  aileron  cutout  are  also  shown  In 
Figure  1.  For  the  present  clean  wing  tests,  an  aileron  was  installed  in 


the  wing  cutout.  This  aileron  was  fixed  at  a  zero  degree  deflection  by  two 
brackets  attached  to  the  upper  portion  of  the  wing  model.  The  hardpoint 
locations  for  mounting  a  pylon  or  wing  tip  device  are  likewise  indicated  in 
Figure  1. 

The  model  assembly  is  illustrated  in  Figure  2.  The  Inside  surfaces  of 
the  two  wing  halves  were  designed  to  provide  space  within  the  model  for  the 
necessary  test  instrumentation. 

The  airfoil  sections  used  in  this  wing  design  are  from  a  family  of 
supercritical  airfoils  developed  by  the  Lockheed-Georgia  Company.  The  wing 
shape  is  defined  by  two  control  stations;  one  at  the  wing  root  and  the 
other  at  the  wing  tip.  The  wing  design  ordinates  for  intermediate  span 
stations  were  generated  by  linear  loft  between  the  wing  root  and  tip.  The 
control  station  airfoil  shapes  are  shown  in  Figure  3. 

To  insure  an  accurate  definition  of  the  LANN  wing  model  geometry, 
measured  airfoil  coordinates  were  obtained  at  eight  span  stations  on  the 
model.  These  data  are  given  in  Tables  2  thru  9.  In  the  tables,  measured 
ordinates  and  corresponding  chordwlse  locations  are  non-dimensionalized 
with  respect  to  local  chord. 

3.  MODEL  INSTRUMENTATION 

In  order  to  provide  a  data  base  which  could  be  used  to  verify 
transonic-flow  computer  codes,  the  LANN  model  was  instrumented  to  measure 
surface  pressures  at  a  large  number  of  locations  on  the  wing.  A  total  of 
240  static  pressure  orifices  were  positioned  in  chordwlse  rows  at  6  wing 
span  stations.  One  hundred  and  forty-four  orifices  were  located  on  the 
wing  upper  surface,  while  the  remaining  96  orifices  were  placed  on  the 
lower  surface  cover  plate.  The  spanwlse  locations  of  the  pressure  orifice 
rows  are  shown  in  Figure  4.  The  chordwlse  locations  of  the  pressure 
orifices  are  given  in  Table  10. 


Two  rows  of  static  pressure  orifices  are  located  oa  the  inboard  region 
of  the  wing  where  a  double  shock  formation  was  expected  based  on  earlier 
Wing  A  tests  (Reference  14).  The  first  row  is  at  20-percent  semispan  and 
the  second  row  is  at  32.5-percent  semispan.  The  pylon/ nacelle  hardpoint  is 
located  at  the  40-percent  semispan.  Rows  of  pressure  orifices  would  be 
desirable  on  either  side  of  the  pylon ,  so  the  32.5-percent  row  was  mirrored 
with  a  third  row  at  the  47.5-percent  semispan.  A  fourth  orifice  row  was 
located  at  the  center  of  the  fixed  wing  aileron,  while  the  47.5-percent  row 
was  mirrored  with  a  fifth  row  at  the  82.5-percent  location.  Finally,  the 
sixth  static  pressure  orifice  row  was  positioned  near  the  wing-tip  at 
95-percent  semispan. 

Equal  length  stainless  steel  tubes  were  connected  to  each  pressure 
orifice  from  inside  the  wing  internal  cavity.  The  tubes  were  soldered  at 
the  orifices  with  a  material  which  is  suitable  for  a  cryogenic  teat 
environment.  The  tubes  were  then  routed  out  of  the  wing  root,  along 
channels  milled  into  the  internal  surfaces  of  both  the  upper  and  lower 
surface  cover  plates.  Finally,  the  tubes  were  divided  into  several  groups, 
each  group  being  attached  to  an  electronic  scanning  valve. 

Additional  pressure  sensing  instrumentation  consisted  of  22  individual 
Endevco  dynamic  pressure  transducers.  These  pressure  transducers  were 
positioned  along  the  wing  span  in  two  chordwlse  rows.  The  spanwlse 
locations  of  these  transducers  is  shown  in  Figure  4  and  the  chordwlse 
locations  are  listed  in  Table  11.  Each  transducer  was  located  approxi¬ 
mately  .005  inch  to  one  side  of  an  existing  pressure  tube  orifice  and 
fastened  by  holders  attached  to  the  inside  of  the  upper  surface  plate.  The 
wire  leads  for  each  transducer  were  shielded  by  stainless  steel  tubing  and 
routed  out  of  the  wing  root. 

Surface  pressure  measurements  on  the  LANN  model  were  made  using  the 
NLR  measurement  technique.  This  method  is  particularly  well  suited  to 
handle  a  large  number  of  pressure  data  at  a  relatively  low  cost.  The 
principle  of  this  technique  is  to  use  conventional  static  pressure 


tub*/ scanning  valve  instrumentation  for  dynamic  as  well  as  static 
measurements.  In  the  steady  case  the  pressure  at  the  surface  orifice  is 
recorded  directly.  For  unsteady  flow  cases,  however,  the  tube  geometry, 
mean  pressure  level,  compressibility  effects,  and  frequency  of  the  pressure 
fluctuation  play  a  significant  role  in  the  dynamic  response  of  the 
measuring  system.  Therefore,  during  unsteady  testing,  the  pressure 
measured  at  the  scanning  valve  had  to  be  adjusted  in  magnitude  and  phase  to 
correspond  to  the  actual  pressure  at  the  model  surface.  To  determine  the 
necessary  tuoa  response  corrections,  the  actual  transfer  functions  of  a  few 
reference  tubes  were  measured  with  the  in-situ  Endevco  transducers.  The 
measured  transfer  functions  were  then  used  to  calibrate  the  remaining 
pressure  tube  responses.'  Further  details  of  the  NLR  unsteady  pressure 
measurement  technique  are  given  in  Reference  15. 

During  unsteady  testing,  the  model  aeroelastic  mode  shape  was  measured 
using  12  accelerometers  and  one  LVDT.  The  LVDT  was  positioned  near  the 
wing  root  station  and  was  used  to  monitor  the  amplitude  and  frequency  of 
the  notion  input  to  the  model.  The  accelerometers  were  located  in 
chordwise  rows  at  4  wing  span  stations.  The  placement  of  these 
accelerometers  on  the  wing  planform  is  shown  in  Figure  4  and  the  chordwise 
locations  are  listed  in  Table  12.  The  wire  leads  to  each  accelerometer 
were  routed  outside  of  the  model  through  stainless  steel  tubing. 

4.  MODEL  STRUCTURAL  PROPERTIES 

During  unsteady  tests,  the  aeroelastic  mode  shape  of  the  LANN  model 
was  measured  directly  using  ln-situ  accelerometers.  However,  for  steady 
flow  conditions,  no  similar  direct  measurement  of  the  model  static  aero- 
elastic  deformation  was  made.  Therefore,  in  order  to  permit  an  estimation 
of  static  aeroelastic  effects  on  the  LANN  wing,  model  stiffness 
distributions  were  measured  after  aerodynamic  testing  in  the  HST  facility. 
This  effort  was  funded  under  Lockheed's  Independent  Research  and 
Development  program.  The  model  structural  data  is  reported  here  to  provide 
a  more  complete  data  base  for  the  LANN  test  program. 
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For  the  model  stiffness  measurements,  it  was  assumed  that  the  gross 
structural  properties  of  the  LANK  wing  could  be  adequately  modeled  using  a 
beam  representation.  This  assumption  is  based  upon  a  consideration  of  the 
following  items: 

(1)  wing  aspect  ratio 

(2)  Nitronic  40  structural  properties 

(3)  wing  thickness  distribution 

(4)  intended  use  of  stiffness  data  (i.e.  estimation  of  primary 
aeroelastic  twist  effects) 

The  elastic  axis  of  this  beam  model  was  assumed  to  lie  along  the  38Z  chord 
line  of  the  wing.  This  location  for  the  elastic  axis  was  chosen  based  on  a 
graphical  analysis  of  the  wing  sectional  area  distributions.  This  analysis 
also  accounted  for  the  internal  model  cavities  along  the  wing  span. 

The  stiffness  properties  of  the  LANN  wing  were  measured  using 

conventional  force-deflection  techniques.  These  measurements  were  obtained 
at  wing  span  locations  shorn  in  Figure  3.  A  torque  bar  attached  to  the 
wing  tip  was  used  to  apply  known  forces  and  moments  at  the  elastic  axis 
location.  Rotation  angles  were  then  measured  using  a  light  beam  which  was 
reflected  onto  a  fixed  grid  pattern  from  mirrors  attached  to  the  wing  along 
the  elastic  axis.  The  laboratory  setup  for  this  test  permitted  slope 

measurements  within  .004  degree. 

The  wing  El  and  GJ  distributions  were  obtained  by  first  plotting  the 
measured  values  of  bending  and  torsional  slopes  versus  span  location, 

passing  smooth  curves  through  this  data,  and  then  determining,  graphically, 
the  derivatives  of  these  curves  at  selected  intervals.  The  resulting 

bending  and  torsional  stiffness  distributions,  El  and  GJ,  are  given  in 
Table  13  and  plotted  in  Figures  6  and  7. 

The  beam  model  representation  for  the  LANN  wing  was  verified  by 
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comparison  of  computed  and  measured  vibration  characteristics  of  the  model. 
The  10  lowest  cantilever  wing  modes  and  frequencies  were  measured  using  an 
impact  analyzer.  The  first  four  of  these  modes  are  shown  in  Figure  8. 
Next,  mass  and  inertia  distributions  were  calculated  for  the  wing  model. 
These  data  are  given  in  Table  14.  Finally,  the  measured  El  and  GJ 
distributions,  together  with  the  calculated  mass  properties,  were  used  to 
compute  an  estimate  of  the  lowest  four  wing  modes.  A  comparison  of 
measured  and  calculated  natural  frequencies  is  given  in  Table  15.  Also 
shown  in  this  table  are  the  four  lowest  wing— in-moun t  modes  measured  by  the 
NLR.  A  comparison  of  the  NLR  and  Lockheed  test  results  gives  an  indication 
of  the  effects  of  wlng/mount  flexibility  on  the  wing  vibration 
characteristics • 
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SECTION  III 
TEST  FACILITY 


Tests  of  the  LANN  wing  model  were  performed  In  the  transonic  wind 
tunnel  (HST)  of  the  National  Aerospace  Laboratory  (NLR),  Amsterdam.  This 
is  a  closed  circuit  wind  tunnel  with  a  test  section  of  1.6  x  2.0  meters  and 
a  velocity  range  of  Mas  ■  0.0  to  Moo  -  1.28.  Typical  Reynolds  numbers  of 
5  x  106  based  on  mean  aerodynamic  chord  were  attained  on  the  model  during 
testing . 

The  wing  model  was  attached  to  a  support  that  was  mounted  at  the  side 
wall  of  the  tunnel  test  section.  This  support  mechanism  was  designed  and 
built  by  the  NLR.  The  mean  angle  of  attack  of  the  model  could  be  adjusted 
remotely  over  a  ±3  degree  range  with  respect  to  a  preset  reference  angle. 
This  reference  angle  for  the  wing  mount  was  adjusted  by  rotating  the 
mounting  system  with  respect  to  the  tunnel  centerline. 

The  support  also  permitted  wing  oscillations  in  pitch  about  an  axis 
normal  to  the  tunnel  side  wall.  The  pitch  axis  intersected  the  wing  root 
at  a  position  62. 1Z  of  chord  aft  of  the  leading  edge.  For  unsteady  testing 
the  model  was  driven  by  a  hydraulic  exciter  which  was  controlled  by  a 
variable  frequency  oscillator.  The  amplitude  of  oscillation  could  be 
varied  by  adjusting  the  travel  distance  of  the  hydraulic  exciter  shaft. 
The  amplitude  of  oscillation  could  be  adjusted  up  to  ±  1.0  degree,  while 
the  frequency  could  be  varied  between  0  and  72  Hertz.  Figure  9  illustrates 
the  wlng/mount  mechanism.  The  wing  is  shown  installed  in  the  HST  facility 
in  the  photograph  of  Figure  10. 

A  schematic  of  the  NLR's  data  acquisition  and  reduction  system  called 
PHAROS  (Processor  for  Harmonic  Analysis  of  the  Response  of  Oscillating 
Surfaces)  is  shown  in  Figure  11.  The  PHAROS  system  is  an  accurate  computer 
controlled  multichannel  transfer  function  analyzer.  This  system  is  capable 
of  on-line  analysis  of  incoming  data  from  48  channels,  measured  simul¬ 
taneously.  A  complete  description  of  the  system  can  be  found  in  Reference 
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16  from  which  Figure  11  Is  adapted  to  reflect  the  LANN  test  equipment 
configuration. 

A  unique  feature  of  the  PHAROS  system  is  the  capability  for  rapid 
on*line  data  reduction  during  testing.  Output  quantities  from  the  PHAROS 
system  are  the  zeroth  (steady  component)  and  the  real  and  imaginary 
components  of  the  first  harmonic  of  the  unsteady  pressures.  In  addition, 
higher  harmonic  contributions  can  be  measured  when  required.  Section  lift 
and  moment  coefficients  are  also  obtained  by  integration  of  surface 
pressure  distributions. 


SECTION  IV 
LANN  TEST  PROGRAM 


The  wind  tunnel  tests  of  the  LANN  model  were  performed  in  the  HST  on 
December  14-17,  1981.  The  test  schedule  was  chosen  to  provide  aerodynamic 
data  for  variations  of  the  following  parameters: 

(1)  Mach  number 

(2)  Mean  angle-of-attack 

(3)  Amplitude  of  pitch  oscillations 

(4)  Frequency  of  pitch  oscillations 

The  tests  covered  a  Mach  number  range  between  Moo*  0.62  and  M°o*  .95.  Mean 
angles-of-attack  of  between  -.4  to  6.0  degrees  were  examined.  For  unsteady 
tests,  the  amplitude  of  oscillation  ranged  between  +.25  and  +1.0  degrees. 
The  reduced  frequency,  based  on  wing  root  chord,  was  varied  between  k  *  0.0 
and  k  •  1.0.  A  total  of  217  steady  and  unsteady  test  runs  were  made  in  the 
HST  facility.  For  these  tests,  transition  was  fixed  by  application  of  a 
grit  strip  on  the  upper  and  lower  wing  surfaces.  To  simulate  the  Wing  A 
transition  location,  the  grit  strips  were  positioned  .71  Inches  aft  and 
parallel  to  the  leading  edge.  Each  grit  strip  was  2  mm  in  width  and 
consisted  of  62  micron  diameter  carborundum  220  grit. 

The  tunnel  test  conditions  for  the  LANN  wing  are  summarized  in  Figure 
12.  The  Figure  shows  the  lift  coefficient  versus  Mach  number  variation  for 
each  mean  angle-of-attack  examined  in  the  test  program.  Also  shown  in  the 
figure  are  the  conditions  for  which  frequency  sweep  and  quasi-steady  data 
were  obtained. 

Values  of  the  parameters  used  in  each  test  run  are  Indicated  in  Tables 
16  through  21  which  are  adapted  from  Reference  17.  Table  16  lists  the  .  test 
parameters  and  corresponding  run  ID  numbers  for  the  steady-flow  conditions. 
Tables  17  and  18  list  similar  information  for  the  unsteady  test  conditions. 
The  basic  unsteady  schedule,  shown  in  Table  17,  was  performed  with  a 
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constant  ±.25  degree  amplitude  of  oscillation.  Additional  unsteady  data  to 
examine  the  effects  of  amplitude  variation  and  the  significance  of  higher 
harmonics  are  itemized  in  Table  18.  Finally,  test  run  numbers  and  flow 
parameters  are  listed  in  Tables  19-21  for  quasi-steady  conditions  and  a 
number  of  miscellaneous  unsteady  test  conditions. 

A  complete  description  of  the  experimental  data  obtained  and  data 
presentation  formats  for  the  LANN  wing  can  be  found  in  the  NLR  final  test 
report  (Reference  17).  Among  the  data  recorded  in  the  report  for  each  test 
condition  are  the  following  items: 

(1)  Reynold's  number 

( 2 )  Mach  number 

(3)  Mean  angle-of-attack 

(4)  Frequency  of  oscillation 

(5)  Amplitude  of  oscillation 

(6)  Chordwlse  pressure  distributions 

(7)  Sectional  lift  and  moment  coefficients 

(8)  Total  wing  lift  and  moment  coefficients 

(9)  Unsteady  aeroelastic  mode  shape 

t 

The  majority  of  the  LANN  wing  aerodynamic  data  was  obtained  for 
attached  flow  conditions.  However,  for  steady  flow,  an  angle  of  attack 
sweep  was  made  at  Mo,*  .82  to  provide  separated  flow  pressure  data  at 
transonic  conditions.  In  addition,  unsteady  separated  flow  data  was 
obtained  for  subcrltlcal  and  supercritical  conditions. 
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SECTION  V 
DATA  CORRELATION 


In  1977,  the  Air  Force  Systems  Command  initiated  a  program  with  the 
Boeing  Military  Aircraft  Company  to  develop  practical  computational  methods 
for  the  analysis  of  unsteady  transonic  flows  over  clean  three-dimensional 
wings.  As  a  result  of  this  research  effort,  a  pilot  computer  program, 
known  as  XTRAN3S  (Reference  18),  has  recently  been  released  to  the  Air 
Force  and  NASA  laboratories. 

The  XTRAN3S  computer  program  as  well  as  the  computer  resources  used  in 
this  data-correlation  effort  were  provided  by  NASA-Langley.  This  program 
contains  several  improvements,  namely  a  new  computational  grid  distribution 
and  code  vectorizatlon,  made  by  the  personnel  of  NASA-Langley.  The  latter 
improvement  shortens  the  computer  run  time  in  comparison  to  the  original 
program. 

In  addition  to  XTRAN3S,  a  computer  program  developed  in  1979  under  a 
Lockheed-Georgla  IRAD  project,  which  coupled  a  small  disturbance  steady 
flow  wing  code  of  Bailey-Ballhaus  (Reference  19),  with  a  two-dimensional 
boundary-layer  code  of  McNally  (Reference  20)  was  used  for  steady  flow  lata 
correlation.  This  program  allows  the  selection  of  any  number  of 
pre-determined  span-stations  where  weak  coupling  of  the  boundary-layer  is 
desired.  Also,  the  program  user  may  specify  the  number  of  times  that 
boundary*  layer  calculations  are  performed  during  the  iterative  solution 
procedure.  This  feature  permits  the  user  to  reduce  computer  run  times  for 
cases  where  boundary  layer  effects  are  not  expected  to  significantly  modify 
the  outer  potential  flow  solution. 


The  airfoil-section  geometry  used  in  the  XTRAN3S  code  was  interpolated 
from  polynomials  fitted  to  the  measured  wing  ordinates  that  are  shown  In 
Figure  13.  This  is  regarded  as  the  reference  position  of  the  wing.  As  can 
be  seen  in  the  figure,  the  static  twist  of  the  wing,  which  is  a 
counter-clockwise  twist  from  the  root  to  the  tip,  is  included  in  the  wing 


reference  geometry.  For  Wing  A,  on  the  other  hand,  no  wing  twist  is 
Included  in  the  wing  reference  geometry  and  the  wing  twist  distribution 
needs  to  be  included  in  the  input  data  set  for  code  correlation.  The  same 
geometry  used  in  XIRAN3S  was  also  used  as  input  for  Bailey-Ballhaus/McNally 
(B-B/M)  code  to  maintain  consistency  of  the  ordinates  used  in  computations. 

A  grid  of  13  span  stations  by  39  points  along  each  span  station  was 
used  in  the  computation  with  XTRAN3S  code  and  a  grid  of  25  by  33  was  used 
in  the  B-B/M  code. 

In  the  XTRAN3S  program,  one  of  the  options  that  a  user  can  choose  is 
the  set  of  coefficients  for  the  small  disturbance  equation  used  in  the 
program.  These  coefficient  sets  are  designated  as  NLR,  Ames,  classical  and 
linear.  Another  option  for  the  type  of  equation  that  a  user  can  choose  is 
either  to  include  the  second  derivative  term  of  velocity  potential  with 
respect  to  time  for  high  frequency  cases,  or  to  neglect  it  for  low 
frequency  cases.  Only  limited  effort  was  made  in  this  study  to  examine  the 
effects  of  these  different  options  on  the  final  solution  due  to  the 
limitations  in  the  available  computer  resources.  With  the  exception  of 
several  analyses  made  using  the  NASA-Ames  coefficients,  all  of  the  calcula¬ 
tions  made  in  this  study  were  with  NLR  coefficients  and  low  frequency 
options  for  steady  flow  and  the  high  frequency  option  for  unsteady  flow. 

The  majority  of  the  code  correlations,  both  steady  and  unsteady,  which 
are  presented  in  this  section  are  centered  around  the  design  conditions  of 
Mach  number  *0.82  and  mean  angle  of  attack  ■  0.60  degrees. 

1 .  STEADY  FLOW 

In  the  following,  the  code  correlation  results  using  the  test  data  of 
both  the  LANN  Wing  (Reference  17)  and  Wing  A  (Reference  14)  and  the 
computed  results  of  XTRAN3S  and  B-B/M  codes  are  presented.  For  steady  flow 
calculations,  the  XTRAN3S  program,  which  was  developed  using  the  unsteady 
form  of  the  small  disturbance  equation,  treats  the  flow  as  a  transient 


flow.  The  flow  is  impulsively  started  from  rest  at  time  zero  and  the 
computation  is  continued  until  all  transients  have  either  completely  or 
nearly  disappeared.  For  convenience,  the  term  "chords-travelled"  is  used 
in  this  report  to  describe  the  state  of  numerical  computation  or  the 
distance  in  terms  of  the  wing  root-chord  that  the  wing  has  travelled  during 
the  computation.  The  number  of  chord  lengths  traveled  refers  to  At  *  number 
of  iterations.  A  good  illustrative  example  of  this  is  shown  in  Reference 
21,  page  285. 

Two  comparison  runs  for  the  steady  flow  design  conditions  were  made 
with  the  XT RAN 3 S  code  to  determine  which  coefficient  set,  either  Ames  or 
NLR,  is  more  suitable  for  the  LANN  wing.  The  computed  results  along  a 
number  of  selected  span-stations,  after  40  chords  travelled,  are  shown  in 
Figure  14.  The  time  step  sizes  used  were  0.04  and  0.025  for  runs  using 
Ames  and  NLR  coefficients,  respectively.  The  calculated  results  at  mid 
semi-span  station  and  the  experimental  data  at  0.475  semi-span  station  are 
shown  in  Figure  15.  As  can  be  seen  from  these  figures,  the  effect  of  using 
different  coefficient-sets  is  mainly  in  the  shock  location  on  the  wing. 
The  shock  location  of  the  results  obtained  using  NLR  coefficients  is 
downstream  of  that  obtained  from  the  Ames  coefficients  and  is  closer  to  the 
experimental  results.  Therefore,  NLR  coefficients  were  used  in  all  other 
runs  with  the  XTRAN3S  code,  including  the  unsteady  runs. 

The  time  histories  of  the  wing  normal  force  for  several  typical  runs 
are  shown  in  Figure  16.  The  numerical  results  seem  to  have  converged 
after  500  time  steps  (approximately  20  to  40  chord  lengths,  dependent  on 
time  step);  however,  the  results  may  show  a  low  amplitude,  low  frequency 
numerical  oscillation  as  time  progresses  further.  Since  the  variation  of 
the  results  with  respect  to  time  is  so  small,  one  may  accept  the  results 
as  converged  at  any  point  after  the  500th  time  step  without  incurring  a 
significant  error. 

Figures  16(a)  and  16(b)  respectively  show  the  typical  convergence 
pattern  of  a  low  and  a  high  Mach  number  flow  conditions.  The  time  step 
sizes  used  were  respectively  0.025  and  0.04.  The  low  Mach  number  case 
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converged  in  less  than  200  iterations  whereas  for  the  high  Mach  number  it 
took  about  400  iterations.  The  convergence  pattern  for  these  two  cases  is 
noticeably  different.  Whether  the  difference  in  the  convergence  pattern 
shown  in  these  two  figures  was  caused  by  the  different  time  step  size  used 
in  these  two  runs  or  the  difference  in  the  shock  strength  in  the  flowfield 
has  not  been  investigated.  However,  one  would  suspect  that  the  shock 
strength  has  more  to  do  with  the  convergence  pattern  than  the  integration 
time  step  size  used. 

Figures  16(c)  and  16(d)  show  the  convergence  pattern  of  one  analysis 
(Mach  number  »  0.82  and  mean  angle  of  attack  >0.85  degrees)  started  from  a 
uniform  flow  and  the  other  from  a  set  of  convergent  results  for  different 
flow  conditions  (Mach  number  ■  0.82  and  mean  angle  of  attack  •  0.6 
degrees).  The  time  step  size  used  was  0.04  for  both  runs.  The  converged 
normal  force  for  the  wing  shown  in  Figures  16(c)  and  16(d)  is  0.39  and 
0.383,  respectively.  The  numerical  results  differ  slightly  but  the 
difference  in  the  number  of  iterations  required  is  quite  significant,  that 
is  800  versus  300.  Therefore,  it  appears  to  be  that  if  a  slight  error  in 
the  final  solution  is  tolerable,  a  start  from  an  already  converged  result 
may  significantly  reduce  computer  run  costs. 

The  converged  steady  flow  results  fTom  the  XTHAN3S  code  for  the  design 
conditions  are  shown  in  Figure  17  which  also  includes  the  LANN  wing 
experimental  data.  The  computation  was  made  with  a  time  step  size  of  0.04 
and  Iterated  for  1200  time  steps.  The  code  tends  to  underestimate  the 
suction  on  the  upper  surface.  However,  there  is  good  agreement  in  shock 
locations  and  pressure  recovery  behind  the  shock  except  near  the  wing  tip. 
The  agreement  of  the  pressure  distribution  on  the  lower  surface,  in 
general,  is  fairly  good,  but  the  comparison,  as  on  the  upper  surface,  also 
deteriorates  near  the  tip. 

A  similar  comparison  with  the  results  obtained  from  the  inviscid  and 
viscid  options  of  B-B/M  code  is  shown  in  Figure  18.  The  boundary  layer 
effects  tend  to  lower  the  suction  peak  and  move  the  shock  wave  forward. 
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When  ch«  flow  la  not  separated,  the  boundary- layer  effects  do  not  appear  to 
be  very  large.  The  correlation  of  the  results  obtained  from  the  B-B/M 
code,  as  In  the  XTRAN3S  case.  Is  not  very  satisfactory  near  the  tip. 
Although  a  strip  boundary  layer  approximation  Is  adequate  in  the  mid  span 
region  of  moderately  swept  high  aspect  ratio  wings,  an  accurate  prediction 
of  viscous  effects  at  the  wing  tip  would  require  the  use  of  a  fully  3-0 
boundary-layer  method. 

The  pressure  coefficient  distributions  of  the  wing  shown  in  Figures  17 
and  18  are  combined  and  shown  in  Figure  19  where  the  results  from  three 
methods  are  compared  with  the  experimental  data.  In  the  figure,  the  B-B 
indicates  the  inviscid  option  of  the  B-B/M  code.  The  suction  peak  of 
XTRAN3S  code  correlates  better  with  the  measured  data  near  the  wing  tip. 
However,  the  B-B  or  B-B/M  codes  show  better  agreement  with  data  away  from 
the  tip. 

In  order  to  calculate  quasi-steady  pressure  distributions,,  two 
additional  steady-flow  conditions  were  computed  using  both  the  XTRAN3S  and 
the  B-B  codes.  For  these  analyses,  the  mean  angle  of  attack  was  perturbed 
by  ±0.25  degree  from  the  de  jn  condition  of  0.6  degree.  Shown  in  Figures 
20  and  21  are  the  results  obtained  respectively  from  the  XTRAN3S  and  B-B 
codes  for  a  Mach  number  of  0.82  and  mean  angles  of  attack  of  0.35,  0.60  and 
0.85  degree  at  span-stations  where  measured  data  are  available.  The 
results  obtained  from  the  XTRAN3S  code  showed  a  strong  nonlinear  effect, 
especially  the  shift  of  shock  location.  A  smaller  change  in  the  mean  angle 
of  attack  may  be  necessary  to  use  XTRAN3S  code  for  the  quasi-steady 
analysis. 

The  effect  of  the  mean  angle  of  attack  on  the  normal  force  and  moment 
of  the  wing  at  a  fixed  Mach  number  (M,,  ■  0.82)  is  shown  in  Figures  22  and 
23.  A  difference  in  the  slope  and  zero  lift  angle  of  the  measured  normal 
force  for  LANN  Wing  and  Wing  A  can  be  seen  in  Figure  22(a).  The  difference 
in  the  Wing  A  and  LANK  data  are  most  likely  due  to  wind  tunnel  wall 
Interference  effects  or  to  the  type  of  tunnel  wall  configuration  used 
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during  testing  (porous  versus  slotted  walls).  This  figure  also  shows  that 
the  slope  remains  nearly  constant  for  both  LANN  Wing  and  Wing  A  until  the 
angle  of  attack  is  greater  than  3.0  degrees  beyond  which  the  flow  starts  to 
separate  from  the  mid  span. 

Figure  22(b)  shows  the  computed  variation  of  the  LANN  wing  normal 
force  with  the  mean  angle  of  attack  at  a  fixed  Mach  number.  The  agreement 
with  the  experimental  data  at  lower  angle  of  attack  was  very  good  but  the 
numerical  methods  failed  to  generate  meaningful  results  when  the  strong 
flow  separation  took  place.  A  similar  comparison  of  the  pitching  moment 
coefficient,  about  the  aerodynamic  center  (see  Figure  1),  is  shown  in 
Figure  23.  The  agreement  of  the  viscid  results  of  B-B/M  code  with  the 
measured  data  is  very  good  at  lower  angle  of  attack,  while  the  agreement  is 
only  fair  for  the  invlscld  results  of  B-B  and  XTRAN3S  codes. 

The  normal  force  and  moment  variation  at  a  fixed  mean  angle  of  attack 
(0.6  degree)  with  respect  to  Mach  number  are  shown  in  Figures  24  and  23, 
respectively.  The  agreement  between  the  measured  normal  force  and  the 
results  of  B-B/M  code  is  very  good  at  lower  Mach  number.  At  higher  Mach 
number,  the  comparison  was  not  possible  because  of  the  flow  separation.  A 
similar  comparison  of  the  pitch  moment  coefficient,  about  the  aerodynamic 
center,  is  shown  in  Figure  25.  The  correlation  with  the  experimental  data 
was  quite  good,  as  in  Figure  23.  The  span  loading  at  the  design  Mach 
number  (0.85)  for  various  angles  of  attack  is  shown  in  Figure  26.  In 
general,  the  B-B/M  code  gives  the  best  correlation.  Finally,  pressure 
distributions  at  a  number  of  span-stations  at  0.6  degree  angle  of  attack  at 
various  Mach  numbers  calculated  with  XTRAN3S  code  is  plotted  in  Figure  27. 
The  nonlinear  effects  due  to  a  change  in  Mach  number  seems  to  be  stronger 
near  the  wing  tip  than  near  the  wing  root. 

2.  UNSTEADY  FLOW 

The  data  correlations  for  unsteady  transonic  flow  were  performed  with 
XTRAN3S  using  the  option  labeled  "dynamic  analysis  of  a  flexible  wing  with 
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specified  modal  motion”.  In  addition  to  this,  the  B-B/M  code  was  used  to 
generate  quasi-steady  results. 


An  XTRAN3S  run  was  made  to  simulate  Test  Run  Number  73  (see  Table  22), 
namely,  Mach  number  *  0.82,  mean  angle  of  attack  *  0.60  degree,  and  pitch 
amplitude  ■  0.2S  degree  at  24  cycles  per  second.  The  experimentally 
measured  LANN  Wing  mode  shape  was  used  as  input  for  the  XXRAN3S  run.  The 
unsteady  flow  results  using  the  converged  steady  state  flow  field  as  the 
initial  conditions  attained  steady  sinusoidal  state  in  less  than  two  cycles 
of  computation.  A  rather  small  time  step  size  (0.04265  for  a  reduced 
frequency  of  0.2046,  720  steps/cycle),  however,  wa3  required  in  this 
example  to  maintain  numerical  stability. 

Other  similar  runs  were  also  made  at  higher  frequency,  namely  48  Hz 
and  72  Hz,  under  the  same  flow  conditions.  These  two  runs  were  to  simulate 
Test  Run  Numbers  85  and  87 .  The  time  step  size  for  the  48  Hz  case  was 
0.04293  (360  steps/cycle)  and  that  for  the  72  Hz  case  was  0.04283  (240 
steps/cycle).  The  time  history  of  the  wing  normal  force  is  shown  in 
Figures  28(a),  (b)  and  (c)  for  Test  Runs  73,  85,  and  87,  respectively.  It 
is  noted  that  the  lower  the  reduced  frequency,  the  fewer  number  of  cycles 
are  required  for  the  computations  to  attain  the  converged  steady  sinusoidal 
results.  This  may  be  attributed  to  the  fact  that  wave  propagation  is 
inversely  proportional  to  the  reduced  frequency.  At  the  lower  frequency, 
the  effects  of  boundary  conditions,  both  wing  surface  and  far-field,  are 
fed  into  the  numerical  computation  faster  than  the  case  at  higher 
frequency.  Thus,  the  solution  to  the  boundary  value  problem  is  attained  at 
a  faster  rate.  By  the  same  reason,  the  transient  caused  by  the  impulsive 
start  of  wing  motion  at  time  zero,  decayed  faster  for  the  low  frequency 
case  than  for  the  high  frequency  case. 

The  measured  wing  mode  shape  as  given  in  Reference  17  consists  of 
contributions  from  heave  and  pitch.  The  contribution  from  heave,  however, 
is  much  smaller  than  that  from  pitch.  A  short  run  was  made  with  the  pitch 
alone  by  neglecting  the  contribution  from  heave.  The  effect  of  heave,  as 
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was  expected,  Is  Insignificant. 


One  cycle  each  of  the  measured  normal  force  variation  is  shown  in 
Figure  28(d).  The  mean  values  and  amplitudes  of  the  measured  and  the 
calculated  data  are  summarized  in  Table  22.  As  can  be  seen,  the  agreement 
between  the  measured  and  the  computed  results  is  poor. 

A  comparison  of  the  calculated  and  measured  surface  pressures  during 
one  cycle  of  pitch  oscillation  for  Run  85  (reduced  frequency  0.40657  or  48 
Hz)  at  the  various  angular  positions  is  shown  in  Figure  29,  and  a 
comparison  of  the  pressure  coefficient  along  various  span-stations  at 
different  angular  positions  is  shown  in  Figure  30.  The  fluctuation  of 
pressure  over  the  wing  during  one  cycle  of  pitch  oscillation  is  rather 
small  and  the  experimental  data  hardly  show  any  shock  movement.  The 
results  of  XTRAN3S,  however,  show  a  5  to  10  percent  shock  excursion. 

Quasi-steady  results  obtained  from  the  steady  flow  data  shown  in 
Figures  20  and  21,  (at  design  conditions)  are  presented  in  Figure  31.  The 
mean  angle  of  attack  was  perturbed  positively  and  negatively  from  the 
design  condition  by  0.25  degree.  The  agreement  between  the  computed  and 
measured  data  on  the  lower  surface,  in  general,  is  much  better  than  that  on 
the  upper  surface.  This  obviously  is  caused  by  the  existence  of  the  shock 
on  the  upper  surface.  The  quasi-steady  span-loading  distribution  is  shown 
in  Figure  32.  None  of  the  computational  methods  correlated  well  with  the 
experimental  data.  The  results  of  B-B/M  code  appeared  to  do  better  than 
the  results  obtained  from  the  invlscld  XTRAN3S  and  B-B  codes. 


SECTION  VI 
CONCLUSIONS 


A  high  quality  experimental  data  base  has  been  established  for  a 
transport  type  advanced  technology  vlng  In  the  transonic  flow  regime.  This 
data  base  has  been  obtained  for  both  steady  and  unsteady  flow  conditions, 
and  Includes  variations  of  Mach  number,  mean  angle  of  attack,  pitch 
oscillation  frequency  and  amplitude.  The  experimental  data  contains  a 
large  number  of  attached  flow  conditions,  and  should  be  Invaluable  for 
evaluation  of  current  computational  methods.  In  addition,  a  limited  amount 
of  separated  flow  data,  obtained  for  both  steady  and  unsteady  conditions, 
should  provide  guidance  in  developing  more  versatile  computational  methods 
in  the  future. 

A  limited  number  of  correlations  between  the  experimental  data  and 
computational  results  have  been  performed.  A  comparison  of  the  steady  flow 
results  from  the  XTKAN3S  and  the  inviscid  Bailey— Ballhaus  codes  indicates 
that,  even  though  both  codes  were  based  on  the  small  disturbance 
assumptions,  the  Bailey-Ballhaus  code  gives  better  agreement  with  the 
experimental  data  than  the  XTRAN3S  code.  The  inclusion  of  boundary- layer 
effects  for  attached  flow  conditions,  although  lowering  the  overall  suction 
levels,  definitely  Improved  agreement  with  the  test  data  in  the  region 
behind  the  shock. 

The  XTRAN3S  code  has  a  wide  variety  of  options  that  a  user  can  select. 
However,  only  a  limited  number  of  options  provided  in  the  code  have  been 
exercised  in  the  study  reported  here.  A  more  extensive  study  for  the 
different  user  options  available  in  this  program,  especially  for  unsteady 
;flow  analyses,  needs  to  be  performed  before  a  more  definitive  assessment  of 
XTRAN3S  code  capabilities  can  be  made.  However,  there  are  a  few 
improvements  of  a  more  basic  nature  that  may  be  desirable.  These  are  as 
follows : 


1.  Simplification  of  the  restart  data  file  -  This  modification  would  avoid 


the  possibility  of  either  loading  a  wrong  set  of  input  data,  or  of 
inadvertently  changing  data  that  needs  to  remain  constant  throughout  on 
the  continuation  runs. 

Modification  of  spanwise  grid  input  data  -  This  modification  would 
avoid  the  need  of  changing  the  grid  distribution  for  different  wings. 
If  an  adequate  grid  distribution  is  found  and  this  grid  is  expressed  in 
terms  of  semi-span  instead  of  the  reference  chord,  then  the  same  data 
may  be  used  for  different  wings  without  any  changes. 

Inclusion  of  an  automatic  convergence  criterion  -  At  the  present  time 
an  automatic  convergence  criteria  does  not  exist  in  XTRAN3S. 
Installation  of  this  feature  in  XTRAN3S  would  very  likely  decrease  the 
number  of  iterations  actually  performed  in  getting  converged  solutions. 
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TABLE  2.  LANN  WING  MEASURED  ORDINATES  AT  THE  ROOT  CHORD 


Hoot  chord  n  *  0 
Local  chord  =  360. 60  mm 


upper 

aide 

lower  tide 

x/c 

-t/c 

x/c  -x/e 

x/e 

-z/c 

x/c 

-x/c 

x/c 

-x/e 

0.00000 

0.02072 

0.67021  0.026** 

0.00000 

0.02072 

0.01765 

-0.00102 

0.39998 

-0.0682* 

0.0001  1 

0.02*65 

0.70680  0.02166 

0.00012 

0.01631 

0.01838 

-0.001*0 

0.40512 

-0.06832 

0. 00021 

0.02525 

0.75335  0.01526 

0 .00029 

0.015*3 

0.01917 

-0.00177 

0 .42387 

-0.068*3 

0.00046 

0.02606 

0.79293  0.0093* 

0.00030 

0.01*76 

0.01979 

-0.00207 

0.4*041 

-0.06839 

0.00063 

0.02663 

0.832*7  0.00361 

0.00063 

0.01*3* 

0.02047 

-0.00236 

0.46039 

-0.06795 

0.0007* 

0.02603 

0.85618  0.00000 

0.00087 

0.01371 

0.02121 

-0.00266 

0  .*97*7 

-0.06709 

0.00092 

0.02722 

0.88211  -0.00398 

0.00099 

0.01351 

0.02205 

-0.00310 

0.53007 

-0.06525 

0.00120 

0.02707 

0.91717  -0.00939 

0.00122 

0.01298 

0.02267 

-0.00337 

0.56550 

-0.06251 

0.0013* 

0.02795 

0.95282  -0.01*89 

0.00133 

0.01276 

0.02335 

-0.00368 

0.60232 

-0.05889 

0.0020* 

0.02937 

0.98323  -0.01955 

0.00161 

O.Ot  228 

0.02*1* 

-0.00*03 

0.63387 

-0.05*77 

0.00297 

0.03089 

1 .00000  -0.02206 

0.00170 

0.01208 

0.02467 

-0.00*23 

0.67J83 

-0.04986 

0.00361 

0.03170 

0.0019* 

0.01170 

0.02645 

-0.00*99 

0.70588 

-0.0*50* 

0.00*04 

0.03227 

0.00216 

O.Ot  138 

0.0283* 

-0.00578 

0.7*071 

-0.03990 

0.00300 

0.033*2 

0.00237 

0.01112 

0.02999 

-0.006*6 

0.77586 

-0.03*87 

0.00609 

0.03*59 

0.002*7 

0.0I09S 

0.03192 

-0.00722 

0.81117 

-0.03006 

0.00673 

0.03521 

0.00282 

0.01051 

0.03351 

-0.00785 

0.8*987 

-0.02539 

0.00753 

0.03390 

0.00311 

0.0099* 

0.03541 

-0.00859 

0.8631* 

-0.02*01 

0.00036 

0.03680 

0.0033* 

0.0097* 

0.01709 

-0.00918 

0.88042 

-0.022*6 

0.00*52 

0.03730 

0.00363 

0.00928 

0.03890 

-0.00983 

0.89810 

-0.02116 

0.01150 

0.0*046 

0.00382 

0.00902 

0.0*059 

-0.01045 

0.916*0 

-0.02015 

0.01231 

0.0*019 

0.00*02 

0.00878 

0.0*233 

-0.01107 

0.93319 

-O.OI972 

0.01700 

0.0*200 

0.00*23 

0.00839 

0.0*608 

-0.012*3 

0.9510* 

-0.0199* 

0  .02166 

0.0*398 

0.00*39 

0.0081S 

0.0*943 

-0.01336 

0.98629 

-0.02186 

0.07477 

0.0*513 

0.00*99 

0.00775 

0.0329* 

-0.01*72 

0.9897* 

-0.02222 

0.02019 

0.0*630 

0.00533 

0.007*0 

0.05646 

-0.01586 

0.99372 

-0.02269 

0.032*0 

0.0*758 

0.00565 

0.0071  * 

0.05999 

-0.01698 

0.99699 

-0.02308 

0.033  30 

0.04836 

0.00602 

0.00668 

0.063** 

-0.01803 

1 .00000 

-0.023*2 

0.03914 

0.0*93* 

0.008*2 

0.00633 

0.06697 

-0.01909 

0.0*203 

ft.  ft^ft  l  A 

0.00678 

0.00399 

0.07052 

-0.02017 

0.0*627 

0.03089 

0.00710 

0.0037t 

0.07775 

-0.02222 

0.0*915 

0.051*7 

0.007*0 

0.00550 

0.08*85 

-0.02*22 

0.036*0 

0.05265 

0.00776 

0.00323 

0.09168 

-0.02605 

0.06172 

0.05  366 

0.0081* 

0.00*68 

0.0989* 

-0.02796 

0.07051 

0.03*48 

0.00852 

0.00*61 

0.10599 

-0.02977 

0.0703* 

0.05523 

0.00885 

0.00*33 

0.11285 

-0.031*9 

0.00303 

0.05576 

0.00916 

0.00*1 1 

0.12029 

-0.03332 

0.09067 

0.05659 

0.00953 

0.00382 

0 . t  2722 

-0.03*98 

0.11279 

0.05721 

0.00995 

0.00332 

0.13*26 

-0.03663 

0.12695 

0.05767 

0.01059 

0.00310 

0.1*121 

-0.03821 

0.1*162 

0.05802 

0.01090 

0.00283 

0.15856 

-0.0*103 

0.17966 

0.038*0 

0.01111 

0.00239 

0.17722 

-0.0*582 

0.21579 

0.05819 

0.01167 

0.00233 

0.1937* 

-0.0*889 

0.253** 

0.05736 

0.01 207 

0.00211 

0.212*7 

-0.05205 

0.2061 3 

0.05667 

0.012*1 

0.00188 

0.22897 

-0.05*59 

0.32399 

0.03528 

0.01278 

0.00166 

0.2*773 

-0.05718 

0.16076 

0.0536* 

0.01310 

0.001*7 

0.26*72 

-0. 05932 

0 • *0032 

0.05157 

0.01 35  1 

0.00120 

0.28*95 

-0.06156 

0.43060 

0.0*970 

0.01185 

0.00101 

0.30013 

-0.06301 

0.40*96 

0.0*581 

0.01*12 

0.00085 

0 . 1 1  75 

-0. 04**0 

0.32019 

0.0*204 

0.01*86 

0.000*5 

0.11513 

-0.06557 

0.37013 

0.03791 

0 .01 568 

-0,00001 

0.15216 

-0.06652 

0.60147 

0.014*3 

0.01*22 

-0.00028 

0 . 34988 

-0.0673* 

0.61390 

0.0106* 

0.0161* 

-0.00066 

0.18788 

-0.06797 

TABLE  3.  LANN  WING  MEASURED  ORDINATES  AT  THE  20%  SPAN  STATION 


Section  1  n  *  0.200 
Local  chord  3  317.65  mm 


upper 

aid* 

lover  fid* 

x/c 

-*/c 

x/c 

-x/e 

x/c 

-x/  c 

x/c 

-x/c 

X/C 

-x/c 

o.ooooo 

0.01699 

0.67919 

0.0290* 

0.00000 

O.Ot  699 

0.028*0 

-0.00856 

0.19983 

-0.06681 

o. ooo Art 

0.021*4 

0.71631 

0.02*31 

0.00020 

0.01373 

0.02916 

-0.00887 

0.41 163 

-0.06691 

(1.00071 

0.02187 

0.75338 

0.01910 

0.00063 

0.01203 

0.03015 

-0.00928 

0.41*48 

-0.06681 

0.0009* 

0.02238 

0.7978* 

0.01312 

0.00081 

0.01139 

0.03103 

-0.0096* 

0 . *73*  7 

-0.06595 

0.0015* 

0.02393 

0.83*0* 

0.00774 

0.00100 

0.01107 

0.03191 

-0.00997 

0.51461 

-0.06*11 

0.00170 

0.02431 

0.8760* 

0.00126 

0.00129 

0.01032 

0.01276 

-0.01029 

0.35696 

-0.06081 

0.00206 

0.02S06 

0.91*21 

-0.00*76 

0.001 *6 

0.01016 

0.03380 

-0.01070 

0.39306 

-0.05697 

0.00231 

0.02351 

0.933*8 

-0.01130 

0.00188 

0.00908 

0.03586 

-0.01115 

0.6331  7 

-0.03188 

0.002*5 

0.02356 

0.99395 

-0.01698 

0.00207 

0.00880 

0.03775 

-0.01133 

0.673*6 

-0.0*638 

0.00257 

0.02559 

1 .00000 

-0.01787 

0.00236 

0.00832 

0.03979 

-0.01299 

0.71*08 

-0.0*033 

0. 00117 

0.02663 

0.002*3 

0.00816 

0.0*186 

-0.01367 

0.73330 

-0.03*01 

0.00*06 

0.02806 

0.00277 

0.00772 

0.04383 

-0.01*33 

0.79383 

-0.02838 

0. 00**7 

0.028*1 

0.00311 

0.00720 

0.0*379 

-0.01*91 

0.813*6 

-0.02576 

O.OOS26 

0.029*7 

0.00326 

0.0070* 

0.04787 

-0.01362 

0.83359 

-0.02322 

0.00361 

0.02963 

0.00366 

0.00666 

0.0*99* 

-0.01631 

0.851*3 

-0.02096 

0.00611 

0.03006 

0.0038* 

0.0066* 

0.03177 

-0.01679 

0.873*5 

-0.01899 

0.00733 

0.03163 

0.00437 

0.00573 

0.03381 

-0.01750 

0.88165 

-0.01830 

0.00824 

0.0324* 

0.00*6* 

0.003*4 

0.05383 

-0.01813 

0.88980 

-0.01770 

0.00856 

0.0327* 

0.00310 

0.00*88 

0.05789 

-0.0187* 

0.8976* 

-0.01713 

0.00937 

0.03330 

0.00330 

0.00*72 

0.05976 

-0.01932 

0.90335 

-0.0166* 

0.00976 

0.01372 

0.00569 

0.00*29 

0.06189 

-0.01993 

0.91338 

-0.0163* 

0.01063 

0.03*46 

0.00627 

0.00366 

0.06383 

-0.02031 

0.92139 

-0.01606 

0.0121* 

0.0333  1 

0. 00663 

0.00332 

0.06608 

-0.02117 

0.92966 

-0.01586 

0.01378 

0.016*2 

0.00701 

0.00292 

0.06783 

-0.02167 

0.93738 

-0.01578 

0.01619 

0.03789 

0.0072* 

0.00271 

0.06983 

-0.0222* 

0.94338 

-0.01579 

0.01782 

0.018*9 

0.00772 

0.00228 

0.07180 

-0.02279 

0.95337 

-0.01587 

0.019*2 

0.03943 

0.00827 

0.00180 

0.07399 

-0.02339 

0.961*5 

-0.01603 

0.07101 

0.0*023 

0.00868 

0.00131 

0.07778 

-0.02*** 

0.96959 

-0.01632 

0.022*0 

0.0408* 

0.00903 

0.00118 

0.08203 

-0.02555 

0.97739 

-0.01671 

0.02368 

0.0*137 

0.009*7 

0.00089 

0.08585 

-0.02655 

0.98557 

-0.01730 

0.02580 

0.0421* 

0.00980 

0.00068 

0.09013 

-0.02763 

0.989*0 

-0.0176* 

0.02976 

0.04144 

0.01065 

0.00001 

0.09383 

-0.02858 

0.993*3 

-0.01800 

0.03190 

0.0*467 

0.01131 

-0.000*0 

0.09799 

-0.02959 

0.99735 

-0.01835 

0.0*18* 

0.0*681 

0.01212 

-0.00093 

0.10183 

-0.030*7 

1 .00000 

-0.0185* 

0.0*998 

0.0*863 

0.0129] 

-0.0014* 

0.10613 

-0.01153 

0.03812 

0 .0501* 

0.01376 

-0.00190 

0.11010 

-0.032*6 

0.06583 

0.05110 

0.01*39 

-0.00231 

0.11176 

-0.03331 

0.07193 

0.05230 

0.01339 

-0.00282 

0  .  t  2226 

-0.03526 

0.09429 

0.03*13 

0.01618 

-0.0032* 

0.13003 

-0.03698 

0.11333 

0.0534* 

0 .0 1 696 

-0.00359 

0.13792 

-9.03869 

0.15*87 

0.05697 

0.01780 

-0.00*00 

0.1*591 

-0.0*037 

0.19178 

0.0576] 

0.01882 

-0.004*8 

0.15395 

-0.0*202 

0.21695 

0.05763 

0.01919 

-0.00*73 

0.1735* 

-0.0*533 

0.27337 

0.05717 

0.02019 

-0.00507 

0.19*97 

-0.0*95* 

0.31752 

0.05613 

0. 021 16 

-0.00560 

0.21*1* 

-0.05250 

0.13329 

0.05*83 

0.02197 

-0.00595 

0.23*17 

-0.05525 

0.3*668 

0.03106 

0.02261 

-0.00617 

0.25186 

-0.05771 

0.41402 

0.05110 

0.02340 

-0.006*5 

0.27*70 

-0,06000 

0.47759 

0.0*818 

0.02*2* 

-0.00688 

0.2*186 

-0.06177 

0.51 703 

0.043*6 

0.02*96 

-0.00720 

0.11896 

-0.06161 

0.35*61 

0.04228 

0.02576 

-0.00752 

0.11*51 

-0.06453 

0.59686 

0.01829 

0.02673 

-0.00789 

0.15*11 

-0.065*7 

0.61*20 

0.0141* 

0.027*6 

-0.00820 

0.17171 

-0.06622 

TABLE  4.  LANN  WING  MEASURED  ORDINATES  AT  THE  32.5%  SPAN  STATION 

Section  2  n  =  0.325 
Local  chord  *  290.71  nm 


upp#r 

iidt 

lov«r  site 

x/c 

-x/c 

x/e 

-t/c 

«/e 

-x/c 

8/e  -*/c 

x/e 

-*/e 

o.onooo 

0.01 169 

0.07133 

0.04993 

0.00000 

0.01168 

0.02818  -0.01118 

0.77772 

-0.02833 

0.00015 

0.01245 

0.07602 

0.03049 

0.00015 

0.01090 

0.03010  -0.01191 

0.80290 

-0.02*76 

o.  ooo.ll 

0.01559 

0.09870 

0.05269 

0.00043 

0.00986 

0.03230  -0.01273 

0.82381 

-0.02201 

0 .000*5 

0.01 66 t 

0.12119 

0.03426 

0.00065 

0.00431 

0.03456  -0.013*8 

0.84819 

-0.01910 

0.0006* 

0.01663 

0.14163 

0.05334 

0.00101 

0.00832 

0.03673  -0.01428 

0.86682 

-0.01716 

(1.(10090 

0.01933 

0.16341 

0.03622 

0.00124 

0.00769 

0.03896  -0.01313 

0.88439 

-0.01569 

0.00122 

0.01446 

0.18573 

0.03684 

0.00176 

0.00657 

0.04119  -0.01399 

0.90633 

-0.01432 

0.00146 

0.01490 

0.20746 

0.03721 

0.00216 

0.00541 

0.04329  -0.01639 

0.92796 

-0.01339 

0.00197 

0.02121 

0.23206 

0.03744 

0.00231 

0.00371 

0.04552  -0.01732 

0.93718 

-o  .01 

0.00202 

0.02133 

0.29441 

0.03688 

0.00239 

0.00321 

0.0*777  -0.01802 

0.94133 

-0.01343 

o  .002  n 

0.02140 

0.34086 

0.03398 

0.00293 

0.00496 

0.04996  -0.01668 

0.93000 

-0.01  330 

0.0026* 

0.02279 

0.38489 

0.03443 

0.00328 

0.00419 

0.03220  -0.01933 

0.93865 

-0,01365 

0.00296 

0.02331 

0.42914 

0.03233 

0.00333 

0.004H 

0.03420  -0.01996 

0.96722 

-0.01  391 

O.OOJM 

0.02337 

0.47169 

0.05020 

0.00385 

0.00389 

0.05884  -0.02129 

0.97610 

-0.01432 

0.00333 

0.02424 

0.31393 

0.04741 

0.00412 

0.00322 

0.06334  -0.02234 

0.98489 

-0.01493 

0.00399 

0.02440 

0.55782 

0.04399 

0.00440 

0.00292 

0.06762  -0.02373 

0.99363 

-0.01373 

0.00423 

0.02320 

0.60344 

0.C.3966 

0.00469 

0.00266 

0.07167  >0.02480 

0.99796 

-0.01620 

0.00446 

0.02347 

0.64628 

0.03346 

0.00489 

0.00249 

0.07627  -0.02603 

1  .00000 

-0.01662 

0.00477 

0:02393 

0.6*276 

0.01014 

O.OQ324 

0.00190 

0.08033  -0.02711 

0.00323 

0.02632 

0.73244 

0.02313 

0.00370 

0.00139 

0.08538  -0.02831 

0.OOS62 

0.02694 

0.77541 

0.01934 

0.00601 

0.00108 

0.08*26  -0.02*23 

0.00393 

0.02713 

0.82161 

0.01270 

0.00626 

0.00086 

0.04363  -0.03030 

0.00634 

0.02787 

0.962*5 

0.00633 

0.00662 

0.0005* 

0.09791  -0.03129 

0.00649 

0.02922 

0.90637 

-0.00054 

0.00702 

0.00012 

0.10243  -0.03232 

0.00733 

0.02892 

0.95044 

-0.00774 

0.00731 

-0.00032 

0.1  1143  -0.03433 

0.00777 

0.02422 

0.49307 

-0. 01430 

0.00794 

-0.00073 

0.11973  -0.03615 

3.00937 

0.02473 

1 .00000 

-0.01323 

0.00834 

-0.00105 

0.12874  -0.03808 

0.00973 

(1.03002 

0.00877 

-0.001*0 

0.13769  -0.03992 

0.00931 

0.03073 

0.00920 

-0.00172 

0.1*593  -0. 04138 

% 

0.00993 

0.03108 

0.00973 

-0.00213 

0.15*76  -0.04328 

0.01034 

0.03124 

0.01033 

-0.00271 

0.163*5  -0.04490 

0.01093 

0.03173 

0.01144 

-0.00330 

0.1723*  -0.0*651 

0.01 149 

0.03224 

0.01190 

-0.00339 

0.18326  -0.04868 

0.01199 

0.01236 

0.01235 

-0.00383 

0.20704  -0.03201 

0. 01291 

0.03311 

0.01 281 

-0.00*12 

0.22912  -0.03497 

0.01 174 

0.03362 

0.01325 

-0.00*33 

0.23090  -0.05757 

0.01439 

0.03411 

0.01362 

-0.00*49 

0.27265  -0.03984 

0.01379 

0.03486 

0.01410 

-0 .00*7 1 

0.29*72  -0.06173 

0.01639 

0.03320 

0.01446 

-0.00*49 

0.11643  -0.06323 

0.01762 

0.03582 

0. 01487 

-0.0031* 

0.33870  -0.064*3 

0.01943 

0.03624 

0.01382 

-0.0056* 

0.16021  -0.0652* 

0.01966 

0.03686 

0.01667 

-0.0061 t 

0.38236  -0.06591 

0.02233 

0.03807 

0.01759 

-0.0065* 

0.39996  -0.06618 

0.02409 

0.03874 

0.01844 

-0.00688 

0.4213*  -0.06618 

0.02707 

0.03490 

0.0192* 

-0.0073? 

0.42688  -0 .0661 3 

0.03002 

0.04042 

0.02006 

-0.00779 

0.47369  -0.06301 

0.03407 

0.04224 

0.02103 

-0.00823 

0.51291  -0.0630* 

0  .01401 

0.04371 

0.02210 

-0.00872 

0.55791  -0.05931 

0.04121 

0.04480 

0.02300 

-0.00910 

0.60082  -0.0546* 

0.04994 

0.0461  1 

0.02384 

-0.004*6 

0.64581  -0.0*851 

0.03477 

0.04731 

0.02317 

-0.01008 

0.68572  -0.04252 

0.06036 

0.04829 

0  .02643 

-0.0105 1 

0.71566  -0.03793 

0.0670? 

0.04431 

0.02718 

-0.01080 

0.75*86  -0.0317* 
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TABLE  5.  LANN  WING  MEASURED  ORDINATES  AT  THE  47.5%  SPAN  STATION 


Section  3  n  3  0.1*15 
Local  chord  3  258.06  mo 


upper 

aid* 

lower  aide 

x/e 

-t/c 

x/c 

-i/c 

x/e 

-x/c 

x/c 

-t/c 

X/C 

-t/c 

0 .00000 

0.01001 

0.02*22 

0.03617 

0  .00000 

0.01001 

0.0*299 

-0.0205* 

0.91*18 

-0.01005 

o.ooooi 

0.010*3 

0.03114 

0.03717 

0.00008 

0.00569 

0.045*2 

-0.02130 

0.91438 

-0.r>09*3 

0.00010 

0.0130* 

0.03310 

0.01784 

0.0001* 

0.00515 

0.0*79* 

-0.02206 

0.948*9 

-0.0097* 

0.00053 

0.012*1 

0.03366 

0.03*6* 

0.0004* 

0.00394 

0.05045 

-0.02275 

0.961*9 

-0.01006 

0.000*5 

0.01*66 

0.01*31 

0.03*37 

0.0008* 

0.00305 

0.05315 

-0.023*9 

0.96965 

-0.010*2 

0.001 13 

0.015*9 

0.040*6 

0.0*023 

0.00100 

0.00282 

0.057*5 

-0.02*77 

0.97750 

-0.01089 

0 .001 66 

0.0165* 

0.0*147 

0.04095 

0.001*3 

0.00201 

0.06279 

-0.02605 

0.98324 

-0.01133 

0.0020* 

0.017*1 

0.0466* 

0.0*176 

0.00172 

0.00142 

0.06792 

-0.02736 

0.9*728 

-0.01 169 

0.00220 

0.017** 

0.04**6 

0.0*227 

0.00210 

0.00083 

0.072*1 

-0.02*52 

0.992*9 

-0.0122* 

0.00207 

0.01*35 

0.03101 

0.0*276 

0  .002} 5 

0.00014 

0.07745 

-0.02963 

0.9938* 

-O.OI255 

0.00311 

0.01933 

0.05309 

0.04321 

0.0027* 

-0.00002 

0.0*323 

-0.03098 

1 .00000 

-0.0129# 

0.0011* 

0. 01**3 

0.03520 

0.04365 

0.0032* 

-0.00078 

0.0*71* 

-0.031*8 

0.001** 

0.02011 

0.036*6 

0.04392 

0.00345 

-0.00090 

0.09236 

-0.03303 

0.00*1* 

0.02105 

0.05776 

0.04416 

0.00391 

-0.00150 

0.09715 

-0.03*02 

0.00*76 

0.02150 

0.06279 

0.04312 

0.00429 

-0.00192 

0.10215 

-0.03507 

0 .00*0* 

0.02164 

0.06762 

0.04593 

0.00469 

-0.00237 

0. 10725 

-0.0361 3 

0.00333 

0.02207 

0.07253 

0.04670 

0.00325 

-0.00284 

0.11690 

-0.03807 

0.00563 

0.0224* 

0.077*9 

0.04739 

0.00360 

-0.00326 

0.1267* 

-0.03999 

0.00610 

0.02312 

0.0*732 

0.04861 

0.0061S 

-0.00386 

0.13630 

-0.0*185 

0.00637 

0.02339 

0.09770 

0.04973 

0.00644 

-0.00*12 

0.1*639 

-0.04366 

0.0060* 

0.02392 

0.106*6 

0.05065 

0.00652 

-0.00404 

0.15623 

-0.045*1 

0.0072.1 

0.02*07 

0.11705 

0.05152 

0.00716 

-0.004*3 

0.16622 

-0.0*709 

0.00766 

0.02*69' 

0.1265* 

0.05226 

0.00770  -0.00331 

0.1761 1 

-0.04866 

0.00*21 

0.02522 

0.1321* 

0.05387 

0.00*13 

-0.00563 

0.1*394 

-0.05015 

0.0083  3 

0*023)2 

0.17*31 

0.03*99 

0.00861 

-0.00600 

0.196*1 

-0.05163 

0.00001 

0.02593 

0.20061 

0.035*5 

0.00907 

-0.00633 

0.205*4 

-0.052*9 

0.00033 

0*020)^ 

0.22548 

0.05640 

0.00963 

-0.00675 

0.21521 

-0.03*07 

0 .0006* 

0  t02644 

0.23*34 

0.03*83 

0.-0101 1 

-0.00702 

0.22575 

-0.03333 

0.0100* 

0.02672 

0.1125* 

0.03679 

0.01069 

-0.007*1 

0.25009 

-0.0579* 

0.0 106* 

0.02730 

0.3771* 

0.03573 

0.01110 

-0.00769 

0.27*63 

-0.06020 

0. 01111 

0*027M 

0.42746 

0.03*1* 

0.01153 

-0.0079* 

0.29*86 

-0.06197 

0.01103 

0.02*19 

0 . *75*5 

0.05201 

0.01249 

-0.0084* 

0.32343 

-0.0613* 

0.01231 

0.02*3* 

0.521*7 

0.0*929 

0.01333 

-0.00901 

0.3**91 

-0.06*33 

0.0132* 

0.0290* 

0.57090 

0.045*0 

0.01*36 

-0.00931 

0.17271 

-0.06*95 

0.01 3*1 

0.02947 

0.624*2 

0.0*129 

0.01340 

-0  .00990 

0.39978 

-0.06522 

0. 01**2 

0.029*0 

0.67201 

0.03658 

0.016*2 

-0.01040 

0.42228 

-0.06507 

0.01*02 

0.01007 

0.71*2* 

0.03132 

0.01739 

-0.0108* 

0.4*655 

-0.06*32 

0.01546 

0.03040 

0.77026 

0.02*7* 

0. 01**1 

-0.01  135 

0.4711* 

-0.06361 

0.01601 

0.03074 

0.81917 

0.01771 

0.01930 

-0.01  1*7 

0.49612 

-0.06232 

o .o 1 4  in 

0.010*5 

0.86*93 

0.01053 

0.020*1 

-0.01230 

0.520*1 

-0.06061 

0.016*7 

0.01119 

0.915*6 

0.0022* 

0.021*4 

-0.012*2 

0.5362* 

-0.05725 

0.017*5 

0.03135 

0.92*9* 

0.00000 

0.02235 

-0.01321 

0.3*729 

-0.0537* 

0.01*00 

0.031*2 

0.964*9 

-0.0059* 

0.021*2 

-0.01  368 

0.62017 

-0.0*935 

0.0t*«* 

0.0320* 

1 .00000 

-0.01165 

0.02*34 

-0.01*05 

0.65092 

-0.0*47* 

0.01060 

0.01236 

0.02537 

-0.014*3 

0.6821* 

-0.03987 

0.0203* 

0.03292 

0.02639 

-0.01*87 

0.71732 

-0.03*35 

0 .02120 

0.03341 

0.02732 

-0.01517 

0.750*3 

-0.02*9# 

0.02227 

0.033*3 

0.02*43 

-0.01556 

0.76*32 

-0.02399 

0.0212* 

0.01*26 

0.03079 

-0.016*1 

0.791  17 

-0.02259 

0.02*2* 

0.01469 

0.0331* 

-0.01719 

0.815*1 

-0.01915 

0.02333 

0.0351* 

0.01361 

-0.01*09 

0 . *4046 

-0.01603 

0.02617 

0.03552 

0 .01*10 

-O.0I9O4 

0.864*1 

-0.013*0 

0.02711 

0.013*7 

0.0*04* 

-0.01979 

0.8*946 

-0.0 1  l  36 

TABLE  6.  LANN  WING  MEASURED  ORDINATES  AT  THE  65.0%  SPAN  STATION 

Section  4  n  =  0.650 
Local  chord  *  220.29  mo 


upp*r 

side 

lower  side 

x/e 

-x/c 

x/e 

-*/e 

x/e 

-x/c 

x/c 

-X/  C 

x/c 

-x/c 

0.00000 

0.0027) 

0.03944 

0.04004 

0.00000 

0.0027] 

0.07031 

-0  .03173 

0.98140 

-0.00322 

0.00004 

0.00)44 

0.04)23 

0.04074 

0.00020 

0.00197 

0.07105 

-0  .03232 

0.98692 

-0.00375 

0.00011 

0.00514 

0.04474 

0.04143 

0.00053 

-0.00086 

0.07369 

-0.03291 

0.99282 

-0.00443 

0.00051 

0.0044] 

0.07024 

0.04213 

o.oooai 

-0.00176 

0.07843 

-0  .03333 

0.99834 

-0.00313 

0.00001 

0.00740 

0.07424 

0.0431 7 

0.00134 

-0.00313 

0.041 70 

-0.03408 

1  .00000 

-0.00333 

0.001 21 

0.0040] 

0.04170 

0.04409 

0.00136 

-0.00333 

0.06744 

-0.03521 

0.00141 

0.00057 

0.04739 

0.04300 

0.00191 

-0.00417 

0.09334 

-0.03634 

0.00144 

0.01000 

0.00374 

0.04549 

0.00223 

-0.00462 

0.09412 

-0.03739 

0.0020] 

0.01004 

0.00924 

0.04463 

0.00261 

-O.OOS32 

0.10473 

-0.03843 

0.00211 

0.01 137 

0.10513 

0.04739 

0.00293 

-0.00367 

0.11033 

-0.03946 

0.0024] 

0.01207 

0.11074 

0.04404 

0.00330 

-0.00609 

0.11632 

-0.04049 

0.00310 

0.01244 

0.12204 

0.04933 

0.00371 

-0.00637 

0.12232 

-0.04147 

0.00)44 

0.01344 

0.13100 

0.01053 

0.00424 

-0.00713 

0.12619 

-0.04243 

0.00401 

0.01414 

0.14302 

0.03141 

0.00447 

-0.00729 

0.13368 

-0.04332 

0.00452 

0.014*2 

0.11730 

0.03231 

0.00491 

-0.00784 

0.14002 

-0.04433 

0.(70493 

0.01300 

0.14434 

0.03333 

0.00341 

-0.00844 

0.13123 

-0.04603 

0.00555 

0.01342 

0.17043 

0.03404 

0.00567 

-0.00684 

0.16230 

-0.04770 

0.0041] 

0.01440 

0.10134 

0.03474 

0.00626 

-0.00913 

0.17443 

-0.04934 

0.00454 

0.01710 

0.22370 

0.03632 

0.00666 

-0.00934 

0.16373 

-0.05078 

0.00710 

0.01414 

0.24734 

0.05763 

0.00721 

-0.00999 

0.19731 

-0.03216 

0.00747 

0.01471 

0.20124 

0.03412 

0.00766 

-0.01041 

0.20897 

-0.03344 

0.004] 1 

0.01013 

0.31443 

0.03433 

0.00621 

-0.01100 

0.22014 

-0..014S7 

0.00444 

0.01073 

0.34111 

0.03446 

0.00673 

-0.01140 

0.22577 

-0.03114 

0.00047 

0.020)5 

0.37004 

0.03439 

0.00417 

-0.01174 

0.25473 

-0.05759 

0.01037 

0.02003 

0.39020 

0.03410 

0.00965 

-0.01222 

0.26349 

-0.03953 

0.01050 

0.02143 

0.42433 

0.03734 

0.010)3 

-0.01254 

0.11243 

-0.06041 

0.011)4 

0.02145 

0.43701 

0.05644 

0.01065 

-0.01286 

0.34120 

-0.06178 

0.01220 

0.02234 

0.44410 

0.03343 

0.01 146 

-0.01320 

0.37026 

-0.06219 

0.01242 

0.02241 

0.31407 

0.03462 

0.01231 

-0.01370 

0.39942 

-0.06213 

0.01142 

0.02123 

0.54241 

0.03319 

0.01)01 

-0.01404 

0.42761 

-0.06157 

0.01410 

0.02341 

0.3720) 

0.0314) 

0.01 141 

-0.01431 . 

0.43643 

-0.06043 

0.01534 

0.02430 

0.40030 

0.04934 

0.01478 

-0.01493 

0.48346 

-0.05878 

0.01441 

0.02512 

0.42033 

0.04740 

0.01364 

-0.01347 

0.34662 

-0.05319 

0.01745 

0.02344 

0.43413 

0.04)01 

0.01714 

-0.01605 

0.57714 

-0.04938 

0.01444 

0.02437 

0.44407 

0.04231 

0.01633 

-0.01664 

0.60718 

-0.04499 

0.01007 

0.02497 

0.71447 

0.03931 

0.01938 

-0.01696 

0.62797 

-0.04172 

0.02114 

0.02730 

0.74524 

0.0)619 

0.02063 

-0.01733 

0.65823 

-0.03662 

0.02210 

0.02421 

0.73049 

0.03337 

0.02163 

-0.01601 

0.48714 

-0.03203 

0.0234) 

0.02477 

0.73444 

0.03417 

0.02296 

-0.01646 

0.71652 

-0.0271  3 

0.02454 

0.02024 

0.77)74 

0.01219 

0.02417 

-0.01894 

0.74475 

-0.02232 

0.0217) 

0.02070 

0.40270 

0.02416 

0.02693 

-0.01495 

0.73095 

-0.02122 

0.02744 

0.03030 

0.4)144 

0.02340 

0.02962 

-0.02090 

0.75330 

-0.02043 

0.02024 

0.03114 

0.44043 

0.01424 

0.03262 

-0.02183 

0.77360 

-0.01746 

0.0100) 

0.0)143 

0.40034 

0.01424 

0.036)0 

-0.02373 

0.  60241 

-0.01302 

0.0)244 

0.0)243 

0.91433 

0.00470 

0.04146 

-0.02470 

0.43136 

-0.0091 1 

0.03414 

0.01304 

0.42913 

0,00754 

0.04363 

-0.02332 

0  .66016 

-0.00362 

0.0)177 

0.01334 

0.44041 

0.00406 

0.04716 

-0.02624 

0.66697 

-0.00326 

0 .01404 

0.01441 

0.41210 

0.00420 

0.03010 

-0.02772 

0.61192 

-0.00193 

0.04244 

0.01574 

0,44149 

0.00232 

0.03366 

-0.02644 

0.92374 

-0.00130 

0.04407 

0.01471 

0.47424 

0.00013 

0.03401 

-0  .02914 

0 . 93340 

-0.00142 

0.04042 

0.01747 

0.44441 

-0.00137 

0.04134 

-0.02474 

0 . 94660 

-0.00132 

0.01200 

0.03432 

1 .00000 

-0  .00)62 

0.04473 

-0.0)051 

0.95854 

-0.00178 

0.01420 

0.03024 

0.04734 

-0.011  1  1 

0.96964 

-0.00214 
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TABLE  7.  LANN  WING  MEASURED  ORDINATES  AT  THE  82.5%  SPAN  STATION 

Section  5  n  3  0.825 
Local  chord  3  182.35  mm 


TABLE  8.  LANN  WING  MEASURED  ORDINATES  AT  THE  95%  SPAN  STATION 


Section  6  n  *  0.950 
Local  chord  *  155- 3^  mm  . 


uppar 

•id* 

low«r 

•id* 

x/c 

-x/c 

x/c 

~t/e 

x/c 

-x/e 

x/c 

-x/c 

0.00000 

-0.01315 

0.09807 

0.03390 

0.00000 

-0.01314 

0.07407 

-0.04329 

0.00047 

-0.01241 

0.10430 

0.03734 

0.00043 

-0.01753 

0.08148 

-0.04616 

0.00119 

-0.01042 

0.1 1448 

0 .0  34t  6 

0.00129 

-0.01942 

0.08479 

-0.04706 

0.00137 

-0.01043 

0.12234 

0.04036 

0.00186 

-0.02119 

0.04808 

-0.04789 

0.001SZ 

-0.00842 

0.13042 

0. 04193 

0.00244 

-0.0221* 

0.10679 

-0.04873 

0.00227 

-0.00733 

0.1 3893 

0.04333 

0.00298 

-0.02112 

0.11431 

-0.04940 

0.00200 

-0.00440 

0.14711 

0.04433 

0.00371 

-0.02403 

0.12232 

-0.03012 

0.00314 

-0.00341 

0.13398 

0.04386 

0.00423 

-0.02463 

0.13073 

-0.05079 

0.00397 

-0.00323 

0.16342 

0.04688 

0.00476 

-0.02520 

0.14900 

-0.03218 

0.004)3 

-0.00348 

0.17133 

0.04794 

0.00331 

-0.02370 

0.16496 

-0.03329 

0.00323 

-0.00270 

0.18843 

0.03003 

0.00372 

-0.02602 

0.1  7939 

-0.03421 

0.00381 

-0.00204 

0.20429 

0.03183 

0.00628 

-0.02631 

0.19246 

-0.03491 

0.00434 

-0.00180 

0.22084 

0.03333 

0.00697 

-0.02704 

0.20647 

-0.05338 

0.00447 

-0.00144 

0.23649 

0.03307 

0.00764 

-0.02757 

0.22030 

-0.05613 

0.00788 

-0.00049 

0.23344 

0.03431 

0.00824 

-0.02794 

0.23320 

-0.03710 

0.00843 

0.00008 

0.27043 

0.03787 

0.00894 

-0.02842 

0.28619 

-0.03737 

0.00924 

0.0013) 

0.28432 

0.03898 

0.00961 

-0.02888 

0.31882 

-0.03764 

0.01011 

0.00237 

0.30307 

0.06009 

0.01043 

-0.02447 

0.35174 

-0.03733 

0.01073 

0.00319 

0.11913 

0.06103 

0.01 123 

-0.02941 

0.38439 

-0.03640 

0.01140 

0.00383 

0.33343 

0.04191 

0.01210 

-0.03041 

0.34937 

-0.03378 

0.01194 

0.00427 

0.34818 

0.06343 

0.01277 

-0.03072 

0.41673 

-0.03488 

0.01233 

0.00481 

0.40049 

0.06462 

0.01142 

-0.03092 

0.43809 

-0.03201 

0.01313 

0.00327 

0.43374 

0.06336 

0.01423 

-0.03133 

0.49868 

-0.04809 

0.01392 

0.00390 

0.44391 

0.06616 

0.01304 

-0.03190 

0.33477 

-0.04268 

0.01437 

0.00440 

0.49876 

0.06647 

0.01602 

-0.03234 

0.38603 

-0.03499 

0.01344 

0.00703 

0.33183 

0.06647 

0.01679 

-0.03267 

0.61496 

-0.02860 

0.01427 

0.00747 

0.34828 

0.06641 

0.01766 

-0.03303 

0.66283 

-0.02024 

0.01794 

0.00833 

0.36469 

0.06629 

0.01833 

-0.03336 

0.70479 

-0.01 187 

0.01917 

0.00930 

0.38034 

0.06608 

0.01897 

-0.03333 

0.74429 

*0.00427 

0.02099 

0.01033 

0.61373 

0.04334 

0.01479 

-0.03380 

0.77634 

0.00232 

0.02244 

O.OI133 

0.64383 

0.06428 

0.02073 

-0.03403 

0.80921 

0.00733 

0.02447 

0.01230 

0.67920 

0.06273 

0.02176 

-0.03404 

0.84198 

0.01200 

0.02414 

0.01331 

0.71190 

0.06073 

0.02304 

-0.03400 

0.87473 

0.01340 

0.02744 

0.01431 

0.74448 

0.03413 

0.02400 

-0.03448 

0.40763 

0.01731 

O.OJ414 

0.01487 

0.77690 

0.0)481 

0.02464 

-0.03338 

0.92372 

0.01803 

0.03101 

0.015 85 

0.81072 

0.03034 

0.02536 

-0.03604 

0.93217 

0.01815 

0.03274 

0.01434 

0.82703 

0.04810 

0.02747 

-0.03674 

0.94004 

0.01813 

0.03423 

0.01724 

0.84233 

0.04)67 

0.02938 

-0.03731 

0.44813 

0.01808 

0.03423 

0.01814 

0.83884 

0.04294 

0.03131 

-0.0)787 

0.93693 

0.01794 

0.03711 

0.01848 

0.87343 

0.04009 

0.0323* 

-0.03823 

0.46468 

0.01766 

0.03930 

0.01442 

0.84121 

0.03749 

0.03424 

-0.03869 

0.97271 

0.01723 

0.04094 

0.02012 

0.40790 

0.0)461 

0.03394 

-0.03406 

0.98126 

0.01663 

0.04490 

0.02134 

0.42432 

0.0)143 

0.0)734 

-0.03460 

0.98968 

0.01)91 

0.04412 

0.02308 

0.94028 

0.02880 

0.0)442 

-0.04003 

1  .00000 

0.01498 

0.03293 

0.02434 

0.43443 

0.02368 

0.04103 

-0.04032 

0.04723 

0.02370 

0.44303 

0.02422 

0.04349 

-0.04081 

0.04127 

0.02642 

0.47362 

0.02263 

0.04743 

-0.04133 

0.04320 

0.02787 

0.481  30 

0.02123 

0.03048 

-0.04197 

0.044)7 

0.02411 

0.48478 

0.01968 

0.03184 

-0.0425) 

0.07344 

0.03031 

0.44734 

0.01816 

0.0)730 

-0.04)04 

0.081)7 

0.03224 

1 .00000 

0.01762 

0.061  14 

-0.04359 

0.08344 

0.0)324 

0.06332 

-0.04417 

0.08473 

0.01420 

0.06949 

-0.04474 
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TABLE  9.  LANN  WING  MEASURED  ORDINATES  AT  THE  TIP  CHORD 

Tip  section  n  *  1.0 
Local  chord  *  1W+.U5  mm 


upp«r 

aid* 

lonr 

•id* 

x/e 

-tie 

x/e 

-tie 

x/c 

-*/c 

x/e 

-x/c 

(1.00000 

-0.02163 

0.099*0 

0.01237 

0.00000 

-0.02163 

0.179*6 

-0.05566 

0.00070 

-0.01002 

0.10853 

0.03*36 

0.00031 

-0.02379 

0.14833 

-0.0563* 

0.00m 

-0.01*21 

0.1 1739 

0.036*9 

0.00125 

-0.026*1 

0.22271 

-0.0369* 

0.001*5 

-0.01532 

0.126*3 

0.03805 

0.00186 

-0.02770 

0.2*678 

-0.037*5 

0.0022* 

-0.01*00 

0.11480 

0.039*2 

0.00230 

-0.02879 

0.3106* 

-0.05724 

0. 002*0 

-0.0112* 

0.14416 

0.0*123 

0.00299 

-0.0293* 

0.3336* 

-0.05622 

0.00320 

-0.01211 

0.13251 

0.0*26* 

0.00357 

-0.03023 

0.39981 

-0.03*16 

0.00371 

-0.01103 

0.1*164 

0.04*1* 

0.00*2* 

-0.01097 

0.44233 

-0.09117 

0.00*59 

-0.00958 

0.17013 

0.04S44 

0.00487 

-0.03157 

0.4*638 

-0.0*67* 

0.00303 

-0.008*6 

0.17977 

0.0*681 

0.00535 

-0.03199 

0.331  It 

-0.04080 

0.0059* 

-0.00747 

0.19*35 

0.0*90* 

0.0039* 

-0.03236 

0.57*93 

-0.033*1 

0.006*0 

-0.00*93 

0.2140* 

0.0512* 

0.00623 

-0.03233 

0.618*4 

-0.02*95 

0.00760 

-0.005*3 

0.231*9 

0.05323 

0.00681 

-0.03296 

0.66244 

-0.01*02 

0.00818 

-0.00501 

0.25012 

0.05313 

0.00770 

-0.03376 

0.7064* 

-0.00726 

0.00913 

-0.00373 

0.26711 

0.03676 

0.00825 

-0.03*17 

0.7133* 

-0.00363 

0.01062 

-0.00278 

0.28452 

0.03826 

0.00*83 

-0.01*3* 

0.73063 

0.00130 

0.01092 

-0.00185 

0.10231 

0.03941 

0.00927 

-0.03*82 

0.79434 

0.00 909 

0.011*0 

-0.00155 

0.1106* 

0.0602* 

0.00993 

-0.03317 

0.83*30 

0.01562 

0.01270 

-0.00037 

0.35538 

0.06311 

0.01062 

-0.03332 

0.88279 

0.02031 

0.013*0 

0.00026 

0.19*3* 

0.06522 

0.0112* 

-0.03393 

0.8417* 

0.0209* 

0.01*7* 

0.00135 

0.4*232 

0.06689 

0.01229 

-0.03646 

0.90393 

0.02161 

0.01533 

O.OOI72 

0.t*644 

0.06796 

0.01308 

-0.036*2 

0.41765 

0. 02209 

0.01*55 

0.0027* 

0.33040 

0.0*856 

0.01189 

-0.0371* 

0.926*6 

0.0222* 

0.01709 

0.00317 

0.5*573 

0.0*863 

0.01*31 

-0.037*6 

0.9351* 

0.0222* 

0.01*15 

0.003*9 

0.57*42 

0.0*862 

0.01512 

-0.03770 

0.94378 

0.02223 

0 .01908 

0.004*0 

0.61*9* 

0.06*23 

0.01379 

-0.03797 

0.9481* 

0.02217 

0.02012 

0.00*89 

0.66303 

0.06700 

0.01*37 

-0.03832 

0.953*0 

0.021*41 

0.02129 

0.00571 

0.70781 

0.06*87 

0.01722 

-0.03837 

0.4*147 

0.021*21 

0.02220 

0.006*2 

0.73032 

0.06184 

0.01803 

-0 .03-886 

0.9703* 

0.020492 

0.02395 

0.0072* 

0.79*31 

0,03717 

0.0189* 

-0.03920 

0.47843 

0.020*32 

0.025*5 

0.00830 

0.81199 

0.03*83 

0.01975 

-0.039*6 

0.9*77* 

0.019712 

0.027*1 

0.00920 

0.82983 

0.03221 

0.020*5 

-0.01959 

0.49630 

0.018932 

0.02931 

0.01002 

0.8*938 

0.0*906 

0.021*3 

-0.03440 

I .00000 

0.018612 

0.01000 

0.0106* 

0.86460 

0.04*38 

0.02217 

-0.0*008 

0.01299 

0.01171 

0.88213 

0.0*332 

0.024*9 

-0.0*071 

0.0349* 

0.01261 

0.90133 

0.04004 

0.02*11 

-0.0*108 

0.01*34 

0.01310 

0.91941 

0.03673 

0.02773 

-0.0*150 

0.03039 

0.01*60 

0.93387 

0.03367 

0.029*2 

-0.0*192 

0.0*01* 

0.01493 

0.95301 

0.030308 

0.03135 

-0.0*240 

0.042*3 

0.015*1 

0.97060 

0.027258 

0.0332* 

-0.0*279 

0.0*194 

0.01615 

0.98795 

0.02*028 

0.0381* 

-0.0*379 

0.045*5 

0.0170* 

1 .00000 

0.021558 

0.0*233 

-0.0**5l 

0.0*727 

0.017*1 

0.04*92 

-0.0*525 

0.05121 

0.01880 

0.051 28 

-0.0*586 

0.035*1 

0.020*2 

0.03*01 

-0. 0***8 

0.0*016 

0.02189 

0.06*77 

-0.0*755 

0.06*87 

0.02335 

0.07*19 

-0.0*837 

0.0*095 

0.02*55 

0.08227 

-0.0*938 

0.073*2 

0.02581 

0.09087 

-0.0501* 

0.07810 

0.02715 

0.10918 

-0.05161 

0.00219 

0,0281 7 

0.12*53 

-0.052*1 

0.006*0 

0.0292* 

0.14*17 

-0.05392 

0.091  1  1 

0.03037 

0.1*221 

-0.05*87 

Note:  "E"  denotes  "extrapolated” 
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TABLE  11.  LOCATION  OF  THE  LANN  WING  PRESSURE  TRANSDUCERS 


TABLE  12.  LOCATION  OF  THE  LANN  WING  ACCELEROMETERS 


section: 

n  ■  .100 

n  *  .L20 

n  ■  .700 

n  *  .920 

number 

X  *  T3.7 
(6.4  %  c) 

1 

X  *  236. 4 
(6.6  %  c) 

L 

X  -  376.2 
(5.7  %  c) 

7 

X  »  492.2 
(8.3  %  c) 

10 

number 

X  *  175.8 
(36.5  1  c) 

2 

X  *  325.7 
(39.7  %  c) 

5 

X  *  L L 7. 2 
(39.6  %  c) 

8 

X  *  542.3 
(39.3  %  c) 

11 

number 

X  *  300.3  • 
(73.2  %  c) 

3 

X  =  4l4.2 
(72.5  %  c) 

6 

X  »  512.9 
(71.0  %  c) 

9 

X  »  593.1 
(70.7  %  c) 
12 
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TABLE  13.  LANN  WING  STIFFNESS  DISTRIBUTIONS 

EA  ELASTIC  AXIS 

El  BENDING  STIFFNESS,  LB  IN2 

GJ  TORSIONAL  STIFFNESS,  LB  IN2 

WS  WING  STATION 

a  SWEEP  ANGLE  OF  38%,  CHORD  LINE,  DEG 

THE  DISTRIBUTIONS  OF  El  AND  GJ  ARE  RELATED  TO  WING  SECTIONS 
NORMAL  TO  THE  ASSUMED  ELASTIC  AXIS. 


%  SPAN 

ALONG  EA 

GJMO"6 
(LB  IN2) 

El*10-* 

(LB  IN2) 

0 

115.6 

82.6 

12.5 

61.7 

49.0 

25.0 

36.8 

31.9 

37.5 

23.0 

22.9 

50.0 

14.3 

15.6 

62.5 

2.39 

11.0 

75.0 

3.55 

6.76 

87.5 

1.81 

3.77 

100 

.77 

2.30 

PERCENT  SPAN 
ALONG  EA. 

WEIGHT 

(LBS) 

BENDING 

INERTIA 

(LB-IN2) 

TORSIONAL 

INERTIA 

(LB-IN2) 

STATIC 
MOMENT 
(LB  -  IN) 

S 

13.12 

20.6 

114 

3.28 

15 

10.95 

16.6 

98.3 

2.59 

25 

10.38 

15.8 

68.9 

.78 

35 

8.92 

13.6 

51.6 

.70 

45 

7.15 

10.9 

36.8 

.60 

55 

5.83 

8.4 

16.3 

.74 

65 

5.17 

8.0 

13.2 

.87 

75 

4.11 

6.7 

9.0 

.20 

85 

3.43 

5.2 

8.6 

.13 

95 

2.90 

4.5 

5.4 

.08 

TABLE  15.  COMPARISON  OF  MEASURED  AND  CALCULATED  LANN  WING 
NORMAL  MODE  FREQUENCIES 


LOCKHEED  (WING-ALONE  MODES) 

NLR  (WING-IN-MOUNT  MODES) 

MODE  SHAPE 

MEASURED* 

COMPUTED* 

MEASURED* 

1ST  BENDING 

31.93 

32.01 

30.56 

2ND  BENDING 

1 

117.60 

104.46 

3RD  BENDING 

1 

271.60 

229.39 

1ST  TORSION 

291.70 

292.95 

*  FREQUENCIES  ARE  IN  HERTZ 


TABLE  16.  LANN  WING  STEADY  TEST  PROGRAM  (RUN  ID  NUMBERS) 


0.62 

0.72 

0.77 

0.82 

0.87 

0.95 

\ 

0.4 

16 

27 

46 

67 

88 

97 

0.35 

17 

68 

0.60*) 

15/19 

28 

1+7 

69 

89 

98 

0.85 

18 

70 

1 .60 

20 

29 

48 

71 

90 

99 

2.00 

183 

218 

2.35 

235 

238 

240 

132 

155 

2.50 

219 

2.60*) 

234 

109 

121 

222/133 

154 

2.75 

220 

.  242 

245 

2.85 

236 

237 

241 

134 

156 

2.90 

231 

230 

3.00*) 

184 

221 

168 

246 

3.25 

223 

244 

247 

3.50 

224 

3.60 

104/232 

110 

122 

135 

. 

157 

4.00 

225 

169 

248 

4.50 

226 

4.75 

201 

205 

5.00*) 

185 

193 

202 

206 

228 

5.25 

203 

207 

5.50 

227 

6.00 

186 

19*+ 

204 

208 

229 

17.  LANN  WING  UNSTEADY  TEST  PROGRAM  (RUN  ID  NUMBERS) 


12  24 


A a  1.0  0.25 


M 


0.6  0.62  36  129/22 

0.72  30 

0.77  117  118 

0.82  83  73 

0.87  91  92 

0.95  100 

2.6  0.62  105 

0.72  111  112 

0.77  123  124 

0.82  139  143 

3.0  0.72  165 

0.77  16 6 

0.82  167 

0.87  170 

0.95  250  175 

5.0  0.62  187  188 

0.72  195  196 

0.82  211  212 


36 

48 

60 

72 

0.25 

0.25 

0.25 

.025 

23 

24 

25 

26 

31 

32 

33 

119 

120 

65 

66 

77 

85 

86 

87 

93 

94 

95 

96 

J 

101 

102 

103 

106 

107 

108 

113 

114 

115 

1 16 

125 

126 

128 

150 

151 

152 

153 

171 

172 

173 

179 

180 

181 

182 

189 

190 

191 

192 

197 

198 

199 

200 

2l4 

215 

216 

217 

DISPLACEMENT  TRANSDUCER 
PRESSURE  TRANSDUCER  I  UPPER) 
ACCELEROMETER 

PRESSURE  ORIFICES  (24  UPPER;16  LOWER) 
TEMPERATURE  TRANSDUCER 


Position  of  Measuring  Points  on  the  LANN  Wing 


Figure  6.  Bending  Stiffness  Distribution 
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Figure  9.  LANN  Wing  Mount  Installation 


PRESSURE  TUBES  SCANNING 
- VALVES 


IN-SITU  TRANSDUCERS 


'MOOELl 


ACCELEROMETERS 


(e)  SPAN-STATION  =0.65 


Figure  13.  Ordinates  of  IANN  Wing  Airfoil  Sections  (Sheet  3  of  4) 


Figure  13.  Ordinates  of  LANN  Wing  Airfoil  Sections  (Sheet  4  of  4) 


•  MEASURED 
n=  0.475 


M  =  0.82 
ao  =  0.60 


Figure  15.  Pressure  Distribution  Comparison  of  XTRAN3S  Code  for  Different 
Coefficients 
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LANN  WING  (BGEING/NASA -LANGLEY  XTRAN3S) 


MACH  NO.  «  0.82000 
MEAN  ANGLE  -  0.60000 
RED.  FREQ.  -  0.00000 
WING  PITCH  -  0.00000 
STEPS/CYC.  -  0 


MEAN  VALUE  »  0.00000 
AMPLITUDE  -  0. 00000 
PHASE  ANG.  =  O.QQQOQ 


<b)  MACH  NUMBER  =0.82  AND  MEAN  ANGLE  OF  ATTACK  =0.60 

Figure  16.  Time  History  of  Steady  Flow  Calculations  with 
XTRAN3S  Code  (Sheet  2  of  4) 


LRNN  WING  (BOEING/NfiSR-lRNGLEY  XTRRN3S) 


MACH  NO.  -  0.82000  MEAN  VALUE  =  0.00000 

MEAN  ANGLE  -  0.85000  AMPLITUDE  =  0.00000 

RED.  FREQ.  -  0.00000  PHASE  ANG.  =  Q.QOQQO 

WING  PITCH  -  0.00000 

STEPS/CYC.  -  0 


TIME-CHQRDLENGTHS 

(d)  MACH  NUMBER  =0.82  AND  MEAN  ANGLE  OF  ATTACK  =0.85 
(RESTARTED  FROM  A  CONVERGED  NON-UNIFORM  FLOW  FIELD) 

Figure  16.  Time  History  of  Steady  Flow  Calculations  with 
XTRAN3S  Code  (Sheet  4  of  4) 
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1X9 

»  V  » 
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♦  Y  - 
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•  Y» 

■.an 

on  Wing  Computed  with 


IN3I0I 


o 

TEST 

COUP. 

• 

tenSURED 

MflCH  -  0.8199 
RLPtffl  -  0.S876 
RETN  -  5.4457 

0.8200 
0.6000 
0.0000  E+06 

"  Si|/M 

-  XTRRN3S 

SONIC  PRESSURE  - 

-0.3790 

CO 


3  _ 

i - 1 - 1 - 1 - - - 1 - , 

0*0  0.2  0.4  0.6  0.8  1.0 

X/C 

(b)  SPAN  STATION  =0.325 

Figure  19.  Comparison  of  Computed  and  Measured  Pressure 
Distributions  (Sheet  2  of  6) 
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0 


1 

0.2 


0.4 


0.8 


1.0 


gura  19 


0.6 


x/c 


(F)  SPAN-STATION  =0.950 

Comparison  of  Computed  and  Measured  Pressure 
Distributions  (Sheet  6  of  6) 
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Figure  20.  Effect  of  Change  In  Mean  Angle  of  Attack  on  Pressure 
Distributions  -  XTRAN3S  (Sheet  4  of  6) 


(a)  SPAN-STATION  =0.200 


Effect  of  Change  in  Mean  Angle  of  Attack 
Distributions  -  B-B  Code  (Sheet  1  of  6) 


BD-fllii  701  LflNN  (LOCKHEED  AFWAL  NASA-LANGLEV  AND  NLR)  I4ING  TEST 2/2  X 
'  PROGRAM:  ACQUISITION  .  (U)  LOCKHEED-GEORGIA  CO  MARIETTA  ^ 

J  B  MALONE  ET  RL  FEB  82  LG83ER0075  AFUAL-TR-83-3006 
UNCLASSIFIED  F33615-80-C-3212  F/G  20/4 


NL 


PRESSURE  COEFFICIENT 

0.0  -Q.i  -0.8  -1.2  -1.8 


MACH  -  0.8200 
SONIC  PRESSURE  -  -0.3790 


(c)  SPAN-STATION  =  0.475 

Figure  21.  Effect  of  Change  in  Mean  Angle  of  Attack  on  Pressure 
Distributions  -  B-B  Code  (Sheet  3  of  6) 
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•j 


.2  0.4 

x/c 

(d)  SPAN-STATION  =  0.650 


Figure  21.  Effect  of  Change  in  Mean  Angle  of  Attack  on  Pressure 
Distributions  -  B-B  Code  (Sheet  4  of  6) 
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Figure  21.  Effect  of  Change  in  Mean  Angle  of  Attack  on  Pressure 
Distributions  -  B-B  Code  (Sheet  5  of  6) 
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Figure  22.  Comparison  of  Normal  Fore*  versus  Mean  Angie  of  Attack  for 
Fixed  Mach  Number  (Sheet  1  of  2) 
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Figure  22.  Comparison  of  Normal  Force  versus  Mean  Angle  of  Attack  for 
Fixed  Mach  Number  (Sheet  2  of  2) 
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25.  Comparison  of  Computed  and  Measured  Pitch  Moment  versus 
Mach  Number  for  Fixed  Mean  Angle  of  Attack 
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(a)  MEAN  ANGLE  OF  ATTACK  =  -0.40  DEGREE 

Figure  26.  Comparison  of  Computed  and  Measured  Span-Loading 
Distributions  at  Design  Mach  Number  (Sheet  1  of  5) 
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Figure  26.  Comparison  of  Computed  and  Measured  Span~Loading 
Distributions  at  Design  Mach  Number  (Sheet  2  of  5) 


SEMI -SPAN 

(d)  MEAN  ANGLE  OF  ATTACK  =0.85  DEGREE 


Figure  26.  Comparison  of  Computed  and  Measured  Span-Loading 
Distributions  at  Design  Mach  Number  (Sheet  4  of  5) 
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Figure  26.  Comparison  of  Computed  and  Measured  Span-Loading 
Distributions  at  Design  Mach  Number  (Sheet  5  of  5) 
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Figure  28.  Unsteady  Normal  Force  Due  to  Pitch  Oscillation 
at  Design  Conditions  (Sheet  1  of  4) 
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(b)  TIME-HISTORY  OF  XTRAN3S  CODE  CALCULATION  FOR  RUN  85  (48  Hz) 

Figure  28.  Unsteady  Normal  Force  Due  to  Pitch  Oscillation 
at  Design  Conditions  (Sheet  2  of  4) 
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(c)  TIME-HISTORY  OF  XTRAN3S  CODE  CALCULATION  FOR  RUN  87  (72  Hz) 

Figure  28.  Unsteady  Normal  Force  Due  to  Pitch  Oscillation 
at  Design  Conditions  (Sheet  3  of  4) 
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(d)  MEASURED  DATA  FOR  24  Hz,  48  Hz  AND  72  Hz 

Figure  28.  Unsteady  Normal  Force  Due  to  Pitch  Oscillation 
at  Design  Conditions  (Sheet  4  of  4) 


108 


MACH  -  a.  821 


(f)  ANGULAR  POSITION  =  225.0  DEGREES 


Hgur*  29.  Comparison  of  Computed  and  Measured  Pressure  Distributions  on  Wing 
at  Several  Pitch  Angular  Positions  for  Run  85  (48  Hz)  (Sheet  3  of  4) 
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Comparison  of  Computed  and  Measured  Chordwise  Pressure  Distributions 
at  Smreral  Pitch  Angular  Positions  for  Run  85  (48  Hz)  (Sheet  5  of  6) 
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